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1 Experimental Section

Commercially available solvents and reagents weegl without further purificatiotH NMR spectra were recorded
at 300 MHz on a Bruker AVIII300 NMR spectrometetr 480 MHz on a AV400 NMR spectrometer and at 5002VIH
on a DRX500 spectrometéfC NMR spectra at 100 MHz on a Bruker AVI11400 NMPestrometer, at 125 MHz on a

DRX500 spectrometer are proton decoupled and vemarded at room temperature unless otherwise staétal was
processed with Mestrec version 5.2.5-4731 and Tiop2® (Version of: Nov 9th 2006). Chemical shifty are
reported in ppm relative to TMS (.00) for the'H NMR and to chloroform§ 77.0) for the*C NMR measurements,
coupling constand are expressed in Hertz, pendant technique wasfoséiC NMR assignment. Mass spectra were
recorded with electrospray MS Waters LCT Time dftl Mass Spectrometer and with ElI (GC/MS) Watef3TG
Premier Time of Flight Mass Spectrometer. InfraBgebctra were recorded on a PerkinElmer 100FT-IRtspmeter

at room temperature.
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1.1 General Synthetic Procedures

1.1.1 General Procedure A:

Five equivalents of NaHC{and three equivalents of iodine were added tonaoladlylamine derivative in CKCN, the
mixture was stirred at room temperature for 16 famd was monitored by TLC. When the reaction veaspieted
solvent was removeth vacuo. To the residue thus obtained a solution ofS@; was added, the compound was
extracted with EtOAc x 3, washed with water, drisgr MgSQ and solvent removeith vacuo to deliver “post-work-

up” material.

1.1.2 General Procedure B:
lodo-azetidine derivatives were refluxed for fousurs in CHCN. After which the reactions were judged to be

complete (by TLC), the solvent was removedacuo to deliver isomerised iodo-pyrrolidine product.

1.1.3 General Procedure C:
Post-work-up iodo-azetidine derivatives were stiraé room temperature for 24 hours in the corregipgnneat amine
10 (mL), after which time NaHCQwas added and the product extracted with EtOAG xirBeacted amine was

removed n vacuo, the residue was purified by flash chromatography.

1.1.4 General Procedure D:

Post-work up iodeazetidine derivative (1 equiv.) and sodium azidedgiv.) were dissolved in DMF (20 mL) and
stirred at room temperature for 16 hours. Alkynes{uiv.), copper (I) iodide (2 equiv.) were added #he reaction
mixture was stirred at room temperature for 16 botlihe solvent was removéa vacuo, EtOAc was added and the
resulting suspension was filtered through Celiteeimove the inorganic salts. The filtrate was cotreg¢ed under

reduced pressure and the product was purifieddsj fthromatography.

1.1.5 General Procedure E:

Post-work up iodeazetidine derivative (1 equiv.) was heated at 70rr©OMSO (20 mL) for 4 hours. After being
allowed to cool to room temperature, sodium azitl® equiv.) was added and the mixture was stirteco@am
temperature for 16 hours. Ethynylbenzene (1 equimd copper (l) iodide (2 equiv.) were added ared risaction
mixture was heated at 80 °C for 4 hours. The salwexs removedn vacuo, ethyl acetate was added and the resulting
suspension was filtered through Celite to remowe ititorganic salts. The filtrate was concentratedeurreduced

pressure and the product was purified by flashroatography.

1.1.6 General Procedure F
Halo-azetidine was stirred with amine (10 equin. DMSO (25 mL) for 48 hours at room temperaturestbyjl either
was added and the organic layer washed with aaatlisolution of sodium bicarbonate and then wat8r The

solvent was removeith vacuo and the product purified by flash chromatography.
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1.1.7 General Procedure G

Post-work up iodo-azetidine derivatives were heatesl0 °C in CHCN (20 mL) for 4 hours, solvent was removed in
vacuo, amine (10 equiv.) was added and the mixture wiaed at 80 °C for 16 hours in DMSO. Diethyl eitheas
added and the organic layer washed with a satusatetion of sodium bicarbonate and then water th@ residue was

concentrated under reduced pressure and purifididdty chromatography.

1.1.8 General Procedure H
lodo-azetidine derviatives were stirred in a 2 Nugon of NaOH (25 mL) and DMSO (25 mL) for 48 heuat room
temperature. Diethyl either was added and the azdayer washed with water x 3. The solvent wasaesain vacuo

and purified by flash chromatography.

1.1.9 Synthesis

1.1.9.1 (1r) (E)-N-(4-Methoxybenzylidene)-1-phenylmethanamine
General Procedure A was used. 4-methoxybenzaldelfyd mmol, 1.00 g),

@N benzylamine (8.08 mmol, 868 mg). Yellow oil, 1.579%%.'H NMR (&: 300 MHz,
MeO CDCL); 3.74 (3H,s, OCH5), 4.74 (2H,s, PhG,), 6.88 (2H,d, J = 9.0, AH), 7.19-7.26
(1H, m, ArH), 7.30-7.31 (4Hm, ArH), 7.70 (2H,d, J = 8.7, AH), 8.26 (1H,s, CH=N); *C{*H} NMR (3; 100 MHz,
CDClg), 55.36 (CH), 65.02 (CH), 114.06 (CH), 126.97 (CH), 128.02 (CH), 128.53)C129.25 (C), 129.91 (CH),
139.73 (C), 161.31 (CH), 161.79 (C). M/z: (826.1 [M + H.

1.1.9.2 (3c)cis-4-lodo-1-(4-methylbenzyl)-2-phenylpyrrolidine.

General Procedure B was us2d(20 mg, 0.05 mmol) and acetonitrile (20 mL), yelloil, 19
mg, 97%."H NMR (5; 500 MHz, CDC}); 2.35 (s, 3H, Me), 2.41 (m, 1H, PhCH®&), 2.76

N (1H, dd,J = 10.0 & 5.0, NCHHCHI), 2.94 (1H, dtJ = 15.0 & 10.0, PhCHCH), 3.43 (1H, dd,

\\© J=10.0 & 5.0, NGIHCH]I), 3.52 (2H, ABgJas = 15.0, NCGH,ATr), 3.57 (1H,apt, obs) = 10.0,

PhCHCH,), 4.40 (1H, m, NCKCHI), 7.14 (2H, dJ = 10.0, AH), 7.23 (2H, dJ = 10.0, AH),

7.30 (1H, t,J = 5.0, AH), 7.39 (2H, tJ = 10.0, AH), 7.57 (2H, dJ = 5.0, AH); C{'H} NMR (3; 100 MHz,
CDCly), 17.97 (CH), 21.07 (C¥), 48.85 (CH), 56.32 (CH), 64.29 (CH), 69.28 (CH), 127.44 (CH), 127.78 (CH),
128.26 (CH), 128.33 (CH), 128.54 (CH), 128.59 (C1)8.89 (CH), 128.94 (CH), 128.96 (CH), 129.22 (CH35.73
(C), 136.41(C), 141.92 (C). High-resolution MS ckdor formula GgH,;NNal: 400.0538; found: 400.0542.
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1.1.9.3 (3d) 3-cis-1-Benzyl-4-iodopyrrolidin-2-yl)pyridine.
| General Procedure B was us&d,(50 mg, 0.14 mmol) and acetonitrile (20 mL), yelloil, 47
mg, 95%.*H NMR (3; 300 MHz, CDC}); 2.36 (1H, m, PyCHBH), 2.77 (1H, ddJ = 12.0 &
_ N 6.0, NCHHCHI), 2.99 (1H, dtJ = 15.0 & 12.0, PyCHCH), 3.42 (1H, ddJ = 12.0 & 6.0,
N K@ NCHHCHI), 3.55 (2H, ABg,Jas = 12.0, NG&,Ph), 3.64 (1H, tJ = 9.0, PyE&CH,), 4.40 (1H,
m, NCH,CHI), 7.14 (2H, dJ = 10.0, AH), 7.28 (6H, m, AH), 8.02 (1H, d,J = 9.0, PH), 8.55
(1H, d,J = 6.0, P¥), 8.68 (1H, s, Pt); “*C{*H} NMR (3; 100 MHz, CDC}), 17.41 (CH), 48.44 (C})l, 56.73 (CH),
64.38 (CH), 66.60 (CH), 123.88 (CH), 126.96 (CH), 128.03 JCH28.24(CH), 128.32 (CH), 135.40 (CH), 138.32
(C), 147.60(C), 149.14 (CH), 149.74 (CH). High-leton MS calcd for formula ¢H:/NJl: 364.0436; found:
364.0440

1.1.9.4 (3e) 4-€is-1-Benzyl-4-iodopyrrolidin-2-yl)pyridine.
General Procedure B was us@é,(50 mg, 0.14 mmol) and acetonitrile (20 mL), yelloil,
49 mg, 98%H NMR (5; 300 MHz, CDCJ); 2.36 (1H, m, PyCHEH), 2.80 (1H, ddJ =
12.0 & 6.0, NCHHCHI), 2.99 (1H, dtJ = 15.0 & 9.0, PyCHCH), 3.43 (1H, ddJ = 12.0 &
N| : N\\© 6.0, NGHHCHI), 3.59 (2H, ABgJas = 15.0, NGH,Ph), 3.65 (1Hgpt, obs) = 9.0, PYyEGCH,),
4.40 (1H, m, NCHCHI), 7.30 (5Hm, ArH), 7.52 (2H, dJ = 6.0, P¥), 8.61 (2H, dJ = 6.0,
PyH): “*C{*H} NMR (&; 100 MHz, CDC}), 17.23 (CH), 48.17 (C}), 56.98 (CH), 64.31 (CH), 67.94 (CH), 122.78
(CH), 127.17 (CH), 128.25 (CH), 128.37(CH), 138(£), 150.15 (CH), 151.47 (C). High-resolution MSccafor
formula GgH,NI: 364.0436; found 364.0440.

1.1.9.5 (4a) E)-N-Benzylidene-1-phenylbut-3-en-1-amine
Procedure: Five equivalent of caesium carbona@ (@, 4.2 mmol) and three equivalent of
_ iodine (640 mg, 2.52 mmol) were addedl&(200 mg, 0.84 mmol) in CI}N (25 mL), the
N/\© mixture was stirred at room temperature for 16 k@md was monitored by TLC. When the

reaction was completed solvent was remoued/acuo. To the residue thus obtained a

X

solution of NaSsOs; was added, the compound was extracted with EtO&cwashed with water, dried over MgsO
and driedin vacuo, the crude product was purified by distillation. Met oil, 157 mg, 79%'H NMR (5; 300 MHz,
CDClg); 2.69 (2H,apt, obs) = 7.5, PNCHEL,), 4.33 (1H,4pt, obs) = 7.5, Ph®ICH,), 4.98-5.07 (2H, m, CH=4, ), 5.64-

5.78 (1H, m, €I=CH,), 7.20-7.40 (8H, m, Af), 7.44 (2H, dJ = 7.2, AH), 7.75-7.78 (2H, m, At), 8.28 (1H, s,
E4
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CH=N); **C{*H} NMR (35; 100 MHz, CDC}) 43.26 (CH), 75.39 (CH), 117.28 (CH| 127.07 (CH), 127.16 (CH),
128.39 (CH), 128.48 (CH), 128.58 (CH), 130.65 (CH35.53 (CH), 136.39 (C), 143.93 (C), 160.08 (CHigh-
resolution MS calcd for GH47N: 235.1361; found: 235.1355.

1.1.9.6 (4c) (E)-N-(4-Methylbenzylidene)-1-phenylbut-3-en-1-amine

Procedure: Five equivalent of caesium carbonaf6(8, 10.0 mmol) and 3 equivalent of
N/ I, (1.5 g, 6.0 mmol) were addedla (500 mg, 2.0 mmol) in C¥€N (25 mL), the mixture
/\©\ was stirred at room temperature for 16 hours and manitored by TLC. When the

reaction was completed solvent was remoiredacuo. To the residue thus obtained a

X

solution of NaSsO; was added, the compound was extracted with EtOBcwashed with water, dried over MgSO
and driedin vacuo, the crude product was purified by distillatiofellow oil, 367 mg, 74%'H NMR (5; 400 MHz,
CDCly); 2.47 (3H, s, Me), 2.83 (2H,t, obs) = 8, PNCHE,), 4.46 (1H,pt, obs) = 7.2, PhEICH,), 5.12-5.21 (2H, m,
CH=CH, ), 5.81-5.92 (1H, m, B=CH),), 7.28-7.38 (3H, m, Atl), 7.46 (2H, tJ = 8, AH), 7.58 (2H, d,J = 7.2 AH),
7.80 (2H, dJ = 8.4, AH), 8.38 (1H, s, B=N); *C{*H} NMR (&; 100 MHz, CDC}) 21.59 (CH), 43.36 (CH), 75.36
(CH), 117.22 (CH), 127.19 (CH), 128.38 (CH), 128.42 (CH), 128.481§C129.32 (CH), 133.89 (C), 135.64 (CH),
140.97 (C), 144.11 (C), 159.90 (CH). High-resantMS calcd for GHigNNa: 272.1415; found: 272.1425.

1.1.9.7 (6aa)N-Benzyl-1-((cis)-1-benzyl-4-phenylazetidin-2-yl)methanamine
N General Procedure C was usdd (200 mg, 0.84 mmol), flash chromatography
N H (Hexane/EtOAc = 1/1 Rf 0.4), yellow oil, yield (frola) = 248 mg, 86%. IR 3316,
2983, 1645, 1494, 1453, 1373, 1242, 1I'68NMR (5; 300 MHz, CDC}); 2.00 (1H,
apds obs)= 9.9, PhCHCH), 2.35-2.45 (2H, m, PhCH4H and NCHCHHNH), 2.53
(1H, dd,J = 12.0 & 4.5, NCHEIHNH), 3.28-3.36 (1H, m, BCH,NH), 3.58 (2H, s, NHE,Ph), 3.67 (2H, ABQJs =
12.9, NGH,Ph), 4.02 (1Hapt, o) = 8.1, PAGICH,), 7.20-7.37 (13H, m, ), 7.45-7.48 (2H, m, AH); “*C{*H} NMR
(5; 100 MHz, CDC}), 31.12 (CH), 53.75 (CH), 54.14 (CH), 61.49 (CH), 62.72 (CH), 65.24 (CH), 126.67 (CH),
126.85 (CH), 127.05 (CH), 127.93 (CH), 128.14 (CH)8.18 (CH), 128.23 (CH), 128.49 (CH), 129.11 ((149.88

(C), 140.58 (C), 143.54 (C). High-resolution MSachfor formula G,H,7N,: 343.2174; found: 343.2163.

1.1.9.8 (6aa)N-(((2S,4R)-1-benzyl-4-phenylazetidin-2-yl)methyl)propan-1-amme

General Procedure C was useld)-1a (200 mg, 0.84 mmol), flash chromatography
/\© (Hexane/EtOAc = 1/1 Rf 0.4), yellow oil, yield (fro(R)-1a) = 242 mg, 84%. HPLC:

Chiralpak AD column, detected at 210 nm, eluertiexaneiko-propanol 99/1, flow

rate: 0.250 ml/min. d]p?° = +96.8 (c 0.32, CHG), 99.5%ee. IR 3061, 3027, 2821,

1672, 1603, 1494, 1453, 1353, 1206, 1157 NMR and**C{*H} NMR same agac
6aa.High-resolution MS calcd for formulagH,sN.Na: 365.1994; found: 365.1999.

N
H
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Racemic
2-25900
240
20 240 20 20 270 280
No. Ret.Time Height Area Rel.Area
1 24.00 665.968 774.560 42.53
2 25.90 824.818 1046.813 57.47
Total: 1490.786 1821.373 100.00

1 99.5% ee
2-2733

 1-25400
E 73 25 28 250 %3 275 288 00 313
i No. Ret.Time Height Area Rel.Area
1 25.40 4.710 3.538 0.23
12 27.38 939.967 1503.597 99.77
' Total: 944.677 1507.134  100.00

1.1.9.9 (6ab)N-(((cis)-1-Benzyl-4-phenylazetidin-2-yl)methyl)propan-1-anme

N~ > General Procedure C was used (200 mg, 0.84 mmol), flash chromatography

H

N (CHCIx/MeOH = 9/1 Rf 0.4), yellow oil, yield (frorha) = 216 mg, 87%. IR 3313, 2944,
2832, 1449, 1115H NMR (5; 300 MHz, CDC)); 0.84 (3H, tJ = 7.5, Me), 1.30-1.42
(2H, mCH,CH,), 1.91-2.00 (1H, m, PhCHG#), 2.26-2.50 (5H, m, NHB,CH,,
PhCHQHH, NCHCHHNH, NH), 2.57 (1H, ddJ = 12.3 & 4.2, NCHEIHNH), 3.29-3.37 (1H, m, NECH,NH), 3.68
(2H, ABq, Jas = 12.6, N@&H,Ph), 4.03 (1Hgpt, ons) = 8.1, PhEICH,), 7.24-7.38 (8H, m, R, 7.46-7.49 (2H, m,
PhH); *C{*H} NMR (&; 100 MHz, CDC}), 11.68 (CH), 22.61 (CH), 31.27 (CH), 51.84 (CH), 54.03 (CH), 61.44
(CHy), 62.32 (CH), 65.30 (CH), 126.84 (CH), 127.13 (CH)8.22 (CH), 129.14 (CH), 138.92 (C), 143.31 (dgh-
resolution MS calcd for formulajgH,7N,: 295.2174; found: 295.2162.

1.1.9.10 (6ab)N-(((2S,4R)-1-Benzyl-4-phenylazetidin-2-yl)methyl)propan-1-anme

Ir=z

~—~General Procedure C was useR)-{a (400 mg, 1.68 mmol), flash chromatography
(CHCIs/MeOH = 9/1 Rf 0.4), yellow oail, yield (fromR)-1a) = 377 mg, 76%. HPLC:

Chiralpak AD column, detected at 210 nm, eluenhexaneko-propanol 95/5, flow

rate: 0.250 ml/min.d]p?°= +97.2 (c 1.17, CHG), 92.5%ee. IR 3029, 2960, 2933, 2873,

1654, 1493, 1454, 1382, 115864 NMR and“*C{'H} NMR same asrac 6ab. High-
resolution MS calcd for formulajgH,7-N,: 295.2174; found: 295.2179.

Racemic
No. Ret.Time Height Area Rel.Area
1 19.61 367.958 321.959 45.15

1 92.5% e
| 2-202%2

1- 18750
: 170 180 190 20 210 20 20
i No. Ret.Time Height Area
1 18.75 53.655 38.600

240 250

Rel.Area
3.73
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2 21.50 308.704 391.150 54.85 12 20.29 882.679 996.706 96.27
Total: 676.662 713.109 100.00 ' Total: 936.334 1035.306  100.00

1.1.9.11 (6ac)N-(((cis)-1-Benzyl-4-phenylazetidin-2-yl)methyl)propan-2-anme
General Procedure C was usetkh (200 mg, 0.84 mmol), flash chromatography
H (CHCIy/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromia) = 206 mg, 83%. IR 3661, 3300,
3062, 3027, 2927, 2969, 1649, 1603, 1494, 14542 1850, 1172, 1066H NMR (3; 300
MHz, CDCk); 0.87 (3H, d,J = 6, Me), 0.96 (3H, dJ = 6, Me), 1.96 (1Ha0, ovs) = 8.4,
PhCHCHH), 2.35 (1H, ddJ=11.7 & 4.8, NCHEIHNH), 2.41-2.52 (2H, m, PhCHdH &
NHCH(CHs),), 2.58 (1H, ddJ = 11.7 & 4.8, NCHCHINH), 3.31-3.38 (1H, m, NBCH,NH), 3.67 (2H, ABqJas =
12.9, NGH,Ph), 4.04 (1Hgpt, obsJ = 8.1, PNEICH,), 7.25-7.38 (8H, m, RH), 7.48 (2H, dJ= 6.9, Pi); “*C{'H}
NMR (3; 100 MHz, CDC}), 21.63 (CH), 22.21 (CH), 31.24 (CH), 49.27 (CH), 51.64 (C§), 61.40 (CH), 62.30
(CH), 65.33 (CH), 126.84 (CH), 127.20 (CH), 127@&H), 128.26 (CH), 128.34 (CH), 129.21 (CH), 139(@),
143.11 (C). High-resolution MS calcd for formulal@,7N,: 295.2174; found: 295.2172.

1.1.9.12 (6ad) 1-(€is)-1-Benzyl-4-phenylazetidin-2-yl)N-(pyridin-2-
ylmethyl)methanamine
N H N__ General Procedure C was usdd (200 mg, 0.84 mmol), flash chromatography
(CHCI/MeOH = 9/1 Rf 0.4), yellow oil, yield (fronia) = 199 mg, 69%. IR 3311,
3061, 3029, 2926, 2820, 1671, 1590, 1570, 149318454, 1433, 1356, 1289, 1210,
1149;'H NMR (8; 300 MHz, CDCY); 2.00 (1H,ap4, obs) = 8.4, PNCHCH), 2.39-2.49
(2H, m, PhCH®EIH and NCHCHHNH), 2.55 (1H, ddJ = 12.3 & 4.2, NCHEIHNH), 2.92 (1H, br, NH), 3.29-3.37
(I1H, m, GHCH;NH), 3.67 (2H, ABQ,Jss = 12.9, N@®,Ph), 3.74 (2H, s, NHB,Py), 4.02 (1H,apt, obs) = 8.1,
PhCHCH,), 7.10-7.35 (13H, m, By, 7.46-7.48 (1H, m, R), 7.60 (1H, tdJ = 7.8 & 1.8, P¥), 8.52-8.54 (1H, m,
PyH): *C{*H} NMR (&; 100 MHz, CDC}), 31.13 (CH), 53.69 (CH), 55.29 (CH), 61.42 (CH), 62.28 (CH), 65.26
(CH), 121.78 (CH), 121.91 (CH), 126.86 (CH), 127(@%), 128.10 (CH), 128.17 (CH), 129.18 (CH), 135(8H),
138.65 (C), 143.47 (C),149.30 (CH), 159.83 (C).Higsolution MS calcd for formula,gi,eNs: 344.2126; found:
344.2118.

1.1.9.13 (6ae) 1-((€is)-1-Benzyl-4-phenylazetidin-2-yl)methyl)piperidine

General Procedure C was usetia (200 mg, 0.84 mmol), flash chromatography
\ '\O (Hexane/EtOAc = 1/1 Rf 0.3), yellow oil, yield (frola) = 229 mg, 85%. IR 3062, 3027,

2933, 2852, 2799, 1676, 1603, 1521, 1493, 14532,13853, 1324, 1273, 1252, 1209,
1156, 1122;H NMR (3; 300 MHz, CDC}); 1.37-1.42 (2H, m, NCKCH,CH,), 1.50-1.57
(4H, m, NCHCH,), 1.79 (1H, dtJ = 9.9 & 8.7, PhCHCH), 2.23-2.35 (6H, m, NB,CH,

& NCHCHN), 2.57 (1H, dtJ = 9.9 & 8.7, PhCHEH), 3.28-3.37 (1H, m, NBCH,N), 3.70 (2H, ABqJxs = 12.9,

E7



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

ESI

NCH,Ph), 4.00 (1Hgpt, obsJ = 8.1, PhEICH,), 7.19-7.32 (8H, m, RM), 7.39-7.42 (2H, m, RH); “*C{*H} NMR (3;
100 MHz, CDC}), 24.21 (CH), 25.89 (CH), 35.57 (CH), 55.16 (CH), 60.92 (CH), 61.25 (C}), 65.36 (CH), 65.90
(CH), 126.78 (CH), 126.88 (CH), 127.89 (CH), 128(0#), 129.47 (CH), 138.43 (C), 143.67 (C). Higksetution
MS calcd for formula €H,gN,: 321.2330; found: 321.2327.

1.1.9.14 (6af) 4-(((cis)-1-Benzyl-4-phenylazetidin-2-yl)methyl)morpholine
N/\ General Procedure C was useth (200 mg, 0.84 mmol), flash chromatography
N k/o (Hexane/EtOAc = 1/1 Rf 0.3), yellow oil, yield (frola) = 192 mg, 71%. IR 3061, 3028,
2954, 2853, 2807, 1641, 1603, 1566, 1493, 14547,18827, 1302, 1277, 1241, 1207,
1139;*H NMR (3; 300 MHz, CDC}); 1.83 (1H, dtJ = 9.9 & 8.7, PhCHCH), 2.26-2.44
(6H, m, NCHGH,N & NCH,CH,0), 2.55 (1H, dtJ = 9.9 & 8.7, PhCHEIH), 3.27-3.36
(1H, m, NGHCH,N), 3.66 (4H, tJ = 4.8, (H,0), 3.71 (2H, ABQ,Jae = 12.9, NG,Ph), 4.02 (1Hpt, ops) = 8.1,
PhCHCH,), 7.21-7.36 (8H, m, RH), 7.43 (2H, ddJ = 8.1 & 1.5, PHi); *C{*H} NMR (3&; 100 MHz, CDC}), 34.71
(CH,), 54.29 (CH), 60.54 (CH), 61.35 (CH), 64.74 (CH), 65.79 (CH), 66.91 (C}), 126.77 (CH), 126.93 (CH),
127.01 (CH), 127.96 (CH), 128.12 (CH), 129.45 (C138.39 (C), 143.52 (C). High-resolution MS calod formula
C,1H26N>ONa: 345.1943; found: 345.1939.

1.1.9.15 (6ag) 1-((€is)-1-Benzyl-4-phenylazetidin-2-yl)methyl)-4-methylpperazine
N/\ General Procedure C was useth (200 mg, 0.84 mmol), flash chromatography
N bN\ (CHCIy/MeOH = 9/1 Rf 0.4), yellow oil, yield (frorha) = 228 mg, 81%. IR 3675, 3391,
2988, 2972, 2901, 2800, 1634, 1603, 1565, 14933,145806, 1394, 1381, 1264, 1231,
1165, 1066, 1056;H NMR (&; 300 MHz, CDCJ); 1.80 (1H, dt,J = 9.9 & 8.7,
PhCHCHH), 2.27 (3H, s, Me), 2.30-2.49 (10H, m, NCH{N & NCH,CH;N), 2.55 (1H,
dt,J= 9.9 & 8.7, PhACHEIH), 3.27-3.36 (1H, m, NBCH;N), 3.69 (2H, ABgJas = 12.9, NCG1,Ph), 4.00 (1Hapt, obs)
= 8.1, PhG®ICH,), 7.18-7.33 (8H, m, Ry, 7.41 (2H, dd,) = 8.25 & 1.5, PH); *C{*H} NMR (&; 100 MHz, CDC})),
35.05 (CH), 45.05 (CH), 53.69 (CH), 55.03 (CH), 60.69 (CH), 61.31 (C}), 64.30 (CH), 65.85 (CH), 126.75 (CH),
126.89 (CH), 126.94 (CH), 127.93 (CH), 128.08 (Ct9.45 (CH), 138.38 (C), 143.56 (C). High-resantMS calcd
for formula G,H3N3: 336.2439; found: 336.2427.

1.1.9.16 (6ah) 1-(Cis)-1-Benzyl-4-phenylazetidin-2-yl)N-(4-methoxybenzyl)methanamine.
General Procedure C was us&d,(200 mg, 0.84 mmol), flash chromatography

”n (CHCI/MeOH = 9/1 Rf 0.4), yellow oil, yield (frorla) = 245 mg, 78%. IR
OMe 3300, 2926, 1611, 1584, 1512, 1496, 1454, 13494,18R50, 1178, 1073H

NMR (&; 400 MHz, CDCJ); 1.61 (1H, br, M), 1.88 (1H, m, PhCHCH), 2.27

N
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(2H, m, PhCHEIH and NCHCHHNH), 2.40 (1H, ddJ = 12.0 & 6.0, NCHEIHNH), 3.19 (1H, m, EICH,NH), 3.53
(2H, ABQ, Jas = 9.0, NGH,Ph), 3.61 (2H, ABqgJas = 3.0, NHGH,Ar), 3.69 (3H, s, OMe), 3.89 (1Hgt, ons) = 12.0,
PhCHCH,), 6.70 (2H, dJ = 6.0, AH), 7.00 (2H, dJ = 9.0, AH), 7.12 (8H, m, PH), 7.34 (2H, dJ = 9.0, Pi);
¥C{*H} NMR (3; 100 MHz, CDC}), 30.78 (CH), 53.15 (CH), 53.96 (CH), 61.48 (CH), 62.52 (CH), 62.96 (CH),
123.29 (CH), 126.96 (CH), 127.30 (CH), 128.10 (Cid8.24 (CH), 129.16 (CH), 134.66 (CH), 138.10 (€£38.58
(C), 139.80 (C), 148.52 (CH), 148.74 (CH). Highalesion MS calcd for formula £&H,gN,O: 373.2280; found:
373.22717.

1.1.9.17 (6bb) N-(((cig)-1-(4-Methoxybenzyl)-4-phenylazetidin-2-yl)methylpropan-1-amine
N General Procedure C was uselh (760 mg, 2.84 mmol), flash chromatography
N H (CHCIy/MeOH = 9/1 Rf 0.4), yellow oil, yield (fronib) = 682 mg, 74%. IR 3315, 2936,
1625, 1544, 1426, 1319, 1273, 11%8;NMR (&; 300 MHz, CDC}); 0.85 (3H, tJ= 7.5,
Me), 1.32-1.44 (2H, mCH,CHj), 1.95 (1H,45Q, obs) = 8.7, PACHCHI), 2.27-2.50 (4H,
m, NHCH.CH,, PhCHGHH, NCHCHHNH), 2.57 (1H, dd,J = 121 & 45
NCHCHHNH), 3.28-3.36 (1H, m, NECH,NH), 3.62 (2H, ABQ,Jaxs = 12.9, NG,Ar),
3.80 (3H, s, O63), 4.01 (1Hpt, obsd = 8.1, PhEICH,), 6.84 (2H, dJ = 8.4, AH), 7.24-7.29 (3H, m, Ad), 7.35
(2H, 1,J = 7.5, AH), 7.45-7.48 (2H, m, A); *C{*H} NMR (&; 100 MHz, CDC}), 11.68 (CH), 22.66 (CH), 31.18
(CHy), 51.91 (CH), 54.15 (CH), 55.26 (CH), 60.66 (CH), 62.00 (CH), 65.09 (CH), 113.65 (CH), 126.81 (CH)
127.12 (CH), 128.23 (CH), 130.24 (CH), 130.95 (©)3.34 (C), 158.84 (C). High-resolution MS calcd flormula
C1H9N,0: 325.2280; found: 325.2285.

MeO

1.1.9.18 (6ca)N-Benzyl-1-((cis)-1-(4-methylbenzyl)-4-phenylazetidin-2-yl)methanarime
General Procedure C was usdd, (530 mg, 2.11 mmol), flash chromatography
/\© (CHCIs/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromc) = 564 mg, 75%. IR 3653,
3284, 2956, 2878, 2753, 2528, 1596, 1496, 1476/,14882, 1345, 1289, 1215, 1112,
'H NMR (§; 500 MHz, CDC}); 2.01 (1H,ap0, obs) = 10.0, PACHCHI), 2.33 (3H, s,
Me), 2.41-2.48 (2H, m, PhCHEH and NCHCHHNH), 2.58 (1H, ddJ = 12.0 & 4.5,
NCHCHHNH), 3.32-3.37 (1H, m, NBCH,NH), 3.61 (2H, ABqJxs = 13.0, NHE,Ph), 3.66 (2H, ABg,Jas = 13.0,
NCH.Ar), 4.03 (1H,qpt, obs) = 8.5, PhEICH,), 7.08 (2H, d,J = 8.0, AH), 7.21-7.39 (10H, m, At), 7.49 (2H, dJ =
8.0, AH); *C{*H} NMR (&; 125 MHz, CDC}), 21.12 (CH), 31.08 (CH), 53.68 (CH), 53.97 (CH), 61.02 (CH),
62.28 (CH), 65.07 (CH), 126.80 (CH), 126.85 (CH}7D7 (CH), 128.02 (CH), 128.22 (CH), 128.26 (CH}B.90
(CH), 129.07 (CH), 135.73 (C), 136.66 (C), 140.01),(143.49 (C). High-resolution MS calcd for forraul
CasHaogNoNa: 379.2150; found: 379.2144.

N
H

1.1.9.19 (6da) N-Benzyl-1-(is-1-benzyl-4-(pyridin-3-yl)azetidin-2-yl)methanamine
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General Procedure C was usddi (328 mg, 1.37 mmol), flash chromatography

N (CHCI:/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromld) = 340 mg, 72%. IR 3302,
Z 3027, 2819, 1643, 1578, 1494, 1479, 1453, 14276,18314, 1207, 1156H NMR

(5; 400 MHz, CDC}); 1.31 ( 1H, br, NH)2.16 (1H,ap0, obs) = 8.0, PyCHCHH), 2.52

(2H, m, PyCH®H and NCHCHHNH), 2.83 (1H, ddJ = 12.0 & 4.0, NCHEIHNH), 3.56 (1H, m, NEICH,NH), 3.68
(2H, ABQ, Jas = 12.0, NG1,Ph), 3.92 (2H, ABgJas = 12.0, NHE,Ph), 4.08 (1Hgpt, obs) = 8.0, PYGCH,), 7.16 (1H,
t, J = 8.0, AH), 7.21 (1H, tJ = 8.0, AH), 7.23 (2H, tJ = 8.0, AH), 7.28 (1H, d,J = 8.0, AH), 7.29 (2H, d,] = 8.0,
ArH), 7.34 (2H, m, AH), 7.38 (2H, d,J = 12.0, AH), 7.69 (1H, dtJ = 8.0 & 4.0, AH), 8.42 (dd, 1H,) = 6.0 & 4.0,
PyH), 8.91 (1H, s, Py); *C{*H} NMR (&; 100 MHz, CDC}), 30.78 (CH), 53.15 (CH), 53.96 (CH), 61.48 (CH),
62.52 (CH), 62.96 (CH), 123.29 (CH), 126.96 (CH}7B0 (CH), 128.10 (CH), 128.24 (CH), 129.16 (CH3}4.66
(CH), 138.10 (C), 138.58 (C), 139.80 (C), 148.5H)C148.74 (CH). High-resolution MS calcd for forlau
C,3H2eN3Na: 366.1946; found: 366.1949.

Ir=

1.1.9.20 (6di) 2-((((cis)-1-Benzyl-4-(pyridin-3-yl)azetidin-2yl)methyl)amino)ethanol
OH General Procedure C was usdd (410 mg, 1.72 mmol), flash chromatography
H/\/ (CHCI/MeOH = 1/1 Rf 0.4), yellow oil, yield (fromdd) = 419 mg, 82%. IR 3333,
| 2939, 2829, 1639, 1596, 1580, 1495, 1454, 135%,18209, 1155H NMR (5; 300
MHz, CDCh); 2.25 (1H,apQ, obs) = 9.3, PyCHCHH), 2.62-2.94 (7H, m, NCHE,NH,
PyCHCHH, CH,CH,OH, NH, OH), 3.59-3.67 (1H, mMNCHCH,NH), 3.79 (2H, tJ =
5.1, H,0H), 3.95 (2H, ABqJas = 12.6, NG,Ph), 4.32 (1Hgpt, ovs) = 8.1, PYyEICH,), 7.49-7.56 (6H, m, Ad), 8.06
(1H, dd,eps) = 7.8 & 1.2, PH), 8.75 (1H, dJ = 4.5, PH), 8.88 (1H, s, Py); *C{*H} NMR (&; 100 MHz, CDC})),
30.83 (CH), 51.17 (CH), 53.13 (CH), 60.58 (CH), 61.53 (CH), 62.68 (CH), 62.85 (CH), 123.32 (CH), 127.32 (CH)
128.22 (CH), 129.17 (CH), 134.56 (CH), 138.14 (133.54 (C), 148.50 (CH), 148.63 (CH). High-resantMS calcd
for formula GgH»3N;ONa: 320.1739; found: 320.1744.

1.1.9.21 (6dj) 3-((cis)-1-Benzyl-4-(pyrrolidin-1-ylmethyl)azetidin-2-yl)pyridine
General Procedure C was usetid (200 mg, 0.84 mmol), flash chromatography
N N D (CHCIs/MeOH = 9/1 Rf 0.4), yellow olil, yield (fromd) = 196 mg, 76%. IR 3413, 3029,
| P 2960, 2690, 2195, 1635, 1495, 1453, 1430, 13577,1B189, 1156;H NMR (5; 300 MHz,
CDCly); 2.01-2.08 (5H, m, NC}CH, & PyCHCHH), 2.75 (1H, dd,J = 12.3 & 3.0,
NCHCHHN), 2.83 (1H, dtJ = 10.5 & 7.5, PyCHEH), 2.94-3.02 (1H, m, NCHCHN),
3.15 (4H, br, NE&,CH,), 3.71 (2H, ABQ,Jas = 12.3, NGH,Ph), 3.77-3.84 (1H, m, NGCH,N), 4.11 (1H,apt, obs) =
8.1, PyGiCH,), 7.18-7.31 (6H, m, Ad), 7.68 (1H, dtJ=7.8 & 2.1, P¥), 8.44 (1H, dJ = 4.8, PH), 8.57 (1H, d)
= 1.8, PY); *C{*H} NMR (3; 125 MHz, CDC}), 23.26 (CH), 34.82 (CH), 54.44 (CH), 57.91 (CH), 59.70 (CH)
60.98 (CH), 63.47 (CH), 123.31 (CH), 127.72 (CH)851 (CH), 129.65 (CH), 134.43 (CH), 136.85 (@7.B87 (C),

148.48 (CH), 148.80 (CH). High-resolution MS cafodformula GgH»sNsNa: 330.1946; found: 330.1940.
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1.1.9.22 (6ea)N-Benzyl-1-((cis)-1-benzyl-4-(pyridin-4-yl)azetidin-2yl)methanamine
N General Procedure C was usda (600 mg, 2.52 mmol), flash chromatography
N H/\© (CHCI/MeOH = 9/1 Rf 0.4), yellow oil, yield (frome) = 615 mg, 71%. IR 3031,
N 2818, 1671, 1600, 1495, 1453, 1412, 1311, 13566,1P066;'H NMR (&: 300 MHz,
CDCl); 1.96 (1H, 450, obs) = 9.0, PyCHCHH), 2.41-2.50 (2H, m, PyCHEH and
NCHCHHNH), 2.56 (1H, ddJ = 12.3 & 4.5, NCHEIHNH), 2.94 (1H, br, M), 3.35-
3.45 (1H, m, NGICH,NH), 3.63 (2H, s, NHE&,Ph), 3.68 (2H, ABQJsxs = 15.0, NCG1,Ph), 4.02 (1Hgpt, ons) = 9.0,
PYCHCH,), 7.19-7.40 (12H, m, At), 8.50 (2H, dJ = 5.1, P¥); **C{*H} NMR (3&; 100 MHz, CDC}), 30.39 (CH),
53.14 (CH), 53.91 (CH), 61.68 (CH), 62.52 (CH), 63.92 (CH), 121.64 (CH), 126.93 (CH#Z27.38 (CH), 128.03
(CH), 128.27(CH), 128.34 (CH), 129.15 (CH), 138(03, 139.87 (C), 149.56 (CH), 152.37 (C). High-lesion MS
calcd for formula GH»eN3: 344.2126; found: 344.2130.

1.1.9.23 (6fa) N-Benzyl-1-((is)-1-benzyl-4-(4-nitrophenyl)azetidin-2-yl)methanamie

N

H (CHCIs/MeOH = 9/1 Rf 0.4), yellow oil, yield (fronif) = 208 mg, 76%. IR

3062, 3028, 2924, 2851, 1671, 1599, 1516, 14943 14343, 1287, 1213, 1157,
'H NMR (3; 300 MHz, CDCJ); 1.70 (1H, br, NH), 1.94-2.03 (1k,q, obs) = 8.7,
ArCHCHH), 2.46-2.54 (2H, m, ArCHBH and NCHCHHNH), 2.59 (1H, ddJ
= 12.0 & 4.2, NCHEIHNH), 3.38-3.45 (1H, m, NBCH,NH), 3.67 (2H, s, NHE,Ph), 3.70 (2H, ABqJas = 12.3,
NCH.Ph), 4.13 (1Hgpt, obs) = 8.1, ArCHCH), 7.20-7.37 (10H, m, At), 7.55 (2H, dJ = 8.7, AH), 8.14 (2H, dJ =
8.7, AH); *C{*H} NMR (3; 100 MHz, CDC}) 30.99 (CH), 53.35 (CH), 54.11 (CH), 61.73 (CH), 62.65 (CH),
64.53 (CH), 123.47 (CH), 126.85 (CH), 127.37 (CH)7.95 (CH), 128.25 (CH), 137.98 (C), 140.39 (@6.95 (C),
151.22 (C). High-resolution MS calcd for formulaJ&,sN:0,: 388.2025; found: 388.2023.

~ : General Procedure C was uséfi(200 mg, 0.71 mmol), flash chromatography

O,N

1.1.9.24 (6ga) N-Benzyl-1-((cis)-1-benzyl-4-(2-bromophenyl)azetidin-2-yl)methananie

Br /\@ General Procedure C was useldy (1.30 g, 4.11 mmol), flash chromatography

H (Hexane/EtOAc = 1/1 Rf 0.4), yellow oil, yield (frolg) = 1.26 g, 65%. IR 3675,
2988, 2901, 1406, 1394, 1250, 1075, 1066, 1836yMR (3; 300 MHz, CDC}); 1.54
(1H, br, NH), 1.81 (1H, dtJ = 10.2 & 8.4, ArCHCHH), 2.36 (1H, dd,J = 12.0 & 4.5,
NCHCHHNH), 2.50 (1H, ddJ = 12.0 & 4.5, NCHEIHNH), 2.70 (1H, dtJ = 10.2 &
8.4, ArCHHH), 3.37-3.45 (1H, m, BCH,NH), 3.58 (2H,45d, ovs) = 3.3, NHGH,Ph), 3.71 (2H, ABQgJas = 12.9,
NCH,Ph), 4.36 (1Hegpt, ops) = 8.1, ArGHCH,), 7.15 (1H, tdJ = 7.5 & 1.8, AH), 7.18-7.40 (11H, m, At), 7.50 (1H,
dd,J = 7.8 & 1.2, AH), 7.84 (1H, dd,) = 7.6 & 1.5, AH); “*C{*H} NMR (3; 100 MHz, CDC}), 30.17 (CH), 53.79

(CH,), 54.06 (CH), 61.77 (CH), 62.79 (CH), 64.24 (CH), 121.94 (C), 126.69 (CH}7.25 (CH), 127.39 (CH),

Ell
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127.91 (CH), 128.12 (CH), 128.24 (CH), 128.27 (Ct99.13 (CH), 132.20 (CH), 138.74 (C), 140.49 (Z2.60 (C).
High-resolution MS calcd for formulax@H,eN2Br: 421.1279; found: 421.1271.

1.1.9.25 (6ha) N-Benzyl-1-((cis)-1-benzyl-4-tert-butyl)azetidin-2-yl)methanamine
General Procedure C was useth (928 mg, 4.27 mmol), flash chromatography
%H/\Q (CHCIy/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromh) = 1.18 g, 86%. IR 3675, 3214,
2987, 2969, 2901, 1664, 1603, 1494, 1476, 14534,18960, 1250, 1229, 1075, 1066,
1056;'H NMR (8; 300 MHz, CDC}); 1.00 (9H, stert-butyl), 1.89 (1H, dtJ = 10.5 &
8.4, tert-butylCHCHH), 2.04 (1H, dtJ = 10.5 & 8.4 tert-butylCHCHH), 2.29 (1H, dd,)
=12.0 & 4.5, NCHEIHNH), 2.48 (1H, ddJ = 12.0 & 4.5, NCHCHINH), 2.93 (1H 4, obs) = 8.4, tert-butylCHCH,),
3.17 (1H, m, GICH,NH), 3.59 (2H, s, NHE,Ph), 3.77 (2H, ABgJas = 13.5, NHGH,Ph), 7.24-7.44 (10H, m, Ph;
¥C{*™H} NMR (3; 125 MHz, CDC}), 22.13 (CH), 26.17 (CH), 33.8 (C), 54.11 (C}), 54.28 (CH), 62.47 (CH),
64.22 (CH), 71.88 (CH), 126.62 (CH), 127.0 (CH), 127.87 (C#}8.23 (CH), 128.82 (CH), 140.28 (C), 140.73 (C).
High-resolution MS calcd for formula,@ziN,: 323.2487; found: 323.2471.

1.1.9.26 (6ib) N-(((cis)-1-Benzyl-4-(3-methoxyphenyl)azetidin-2-yl)methypropan-1-amine
N General Procedure C was usé&d,(700 mg, 2.62 mmol), flash chromatography

MeO N H (CHCI/MeOH = 9/1 Rf 0.4), yellow oil, yield (frori) = 723 mg, 85%. IR 3290,

2966, 2937, 2876, 1654, 1602, 1549, 1454, 13729,12855;'"H NMR (5; 300

MHz, CDCL); 0.86 (3H, t,J= 7.5, Me), 1.37-1.49 (2H, )BH,CHs), 2.05-2.21

(2H, m,J = 8.7, PhACHCH, NHCHHCH,CHs), 2.26 (1H, ddJ = 12.3 & 4.8,
NCHCHHNH), 2.40-2.54 (2H, m, PhCHEH & NHCHHCH,CHs), 2.70 (1H, ddJ = 12.3 & 4.8, NCHEIHNH),
3.38-3.45 (1H, m, NECH,NH), 3.69 (2H, ABq,Jas = 12.6, NGH,Ph), 3.85 (3H, s, O;), 4.08 (1H,apt, obe) = 8.1,
PhCHCH,), 6.83 (1H, dd,) = 8.2 & 2.7, AH), 7.01-7.05 (2H, m, Afl), 7.25-7.37 (6H, m, RH); *C{*H} NMR (3;
100 MHz, CDC}), 11.47 (CH), 21.96 (CH), 30.68 (CH), 51.38 (CH), 52.87 (CH), 55.33 (CH), 61.21 (CH), 65.33
(CH), 112.20 (CH), 112.84 (CH), 119.05 (CH), 127(8#), 128.13 (CH), 128.56 (CH), 129.21 (CH), 1Z8(CH),
138.69 (C), 144.41 (C), 159.78 (C). High-resolutid8 calcd for formula gH,JN,O: 325.2280; found: 325.2270.

1.1.9.27 (6ja) N-Benzyl-1-((is)-1-benzyl-4-(furan-3-yl)azetidin-2-yl)methanamine
General Procedure C was usdd, (758 mg, 3.30 mmol), flash chromatography
” (CHCI/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromj) = 867 mg, 79%. IR 3197,
3027, 2934, 2858, 2797, 1642, 1594, 1544, 15235,14453, 1416, 1380, 1338, 1265,
1227, 1197, 1166H NMR (&; 300 MHz, CDCJ); 1.76 (1H, br, NH), 2.09 (1Hyd, obs
J = 9.0, ArCHCHH), 2.32-2.40 (1H, m, ArCHBH), 2.41 (1H, ddJ = 12.0 & 4.2,
NCHCHHNH), 2.55 (1H, ddJ = 12.0 & 4.2, NCHCHINH), 3.25-3.33 (1H, m, BCH,NH), 3.62 (2H, s, NHE,Ph),
3.68 (2H, ABQ.Jas = 12.9, NGH,Ph), 3.95 (1Hgpt, obs) = 9.0, ArGHCH,), 6.42 (1H, s, Arl), 7.18-7.44 (12H, m, At),

/IN
(0]
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¥C{*™H} NMR (&; 100 MHz, CDC}) 29.58 (CH), 53.48 (CH), 54.19 (CH), 56.96 (CH), 61.45 (C}), 62.87 (CH),
109.41 (CH), 126.72 (CH), 127.10 (CH), 127.94 (CH)8.10 (C), 128.14 (CH), 128.26 (CH), 129.13 (CH38.75
(C), 139.28 (CH), 140.08 (C), 142.91 (CH). Highalesion MS calcd for formula £H»sN,O: 333.1964; found:
333.1962.

1.1.9.28 (6kb) N-(((cis)-1-Benzyl-4-cyclohexylazetidin-2-yl)methyl)propant-amine
N/\/ General Procedure C was usetk (840 mg, 3.50 mmol), flash chromatography
H (CHCIy/MeOH = 9/1 Rf 0.4), yellow oil, yield (frorhk) = 852 mg, 81%. IR 2922, 2850,
1641, 1494, 1449, 1351, 1260, 10%3;:NMR (&; 300 MHz, CDC}); 0.82 (3H, tJ= 7.5,
Me), 0.89-0.96 (2H, m, NCHCHdH), 1.23-1.35 (5H, m, NHCHH,CHs,
NCHCHCH,CHH, NCHCHCHCH,CHH, NCHH), 1.61-1.75 (6H, m, NCHCHCH,
NCHCHCH,CHH, NCHCHCHCH,CHH, NHCH,CH,), 2.06-2.35 (4H, m, NHCKCHCHH, NHCH,CH,CHs,
NCHCHHNH), 2.40 (1H, dd)J = 12.0 & 4.2, NCHCHiINH), 2.78 (1H,.p0, obsJ = 8.4, NGHCH), 3.05-3.15 (1H, m,
NCHCH,NH), 3.65 (2H, ABq.Jas = 12.6, NG&,Ph), 7.25-7.36 (5H, m, PY; *C{*H} NMR (3; 100 MHz, CDC}),
11.68 (CH), 22.70 (CH), 22.51 (CH), 25.95 (CH), 26.64 (CH), 28.12 (CH), 29.57 (CH), 29.70 (CH), 44.38 (CH),
51.91 (CH), 54.31 (CH), 62.45 (CH), 63.55 (C}), 67.67 (CH) ,127.08 (CH), 128.22 (CH), 129.05 §CEB9.60 (C).
High-resolution MS calcd for formula,gHzsN,: 301.2643; found: 301.2636.

1.1.9.29 (6lb) N-(((cis)-1-(4-Nitrobenzyl)-4-phenylazetidin-2-yl)methyl)propan-1-amine
General Procedure C was uset, (279 mg, 0.99 mmol), flash chromatography
”/\/ (CHCI/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromil) = 275 mg, 82%. IR 3387, 2925,
2851, 1604, 1518, 1493, 1456, 1344, 1261, 11HINMR (3; 300 MHz, CDC}); 0.89
(3H, t, J = 7.2, Me), 1.50-1.63 (2H, /@H,CHs), 2.00 (1H, dt,J = 10.8 & 8.4,
PhCHCHH), 2.57-2.72 (4H, m, NHB,CH,, PhCHCHH, NCHCHHNH), 2.79 (1H, dd,
=12.4 & 3.9, NCHEIHNH), 3.45-3.54 (1H, m, NECH,NH), 3.80 (2H, ABgJss = 13.2,
NCH,Ar), 4.03 (1H,4t, J = 8.1, PhGICH,), 7.26-7.37 (5H, m, Bh), 7.44 (2H, d,J = 8.4, AH), 8.09 (2H, d,J = 8.4,
ArH); C{*H} NMR (3; 100 MHz, CDC}), 11.32 (CH), 20.57 (CH), 32.43 (CH), 50.37 (CH), 52.09 (CH), 60.30
(CH), 60.56 (CH)), 66.28 (CH), 123.40 (CH), 126.81 (CH), 127.68 [CH28.35 (CH), 129.77 (CH), 141.93 (C),
145.86 (C), 147.18 (C). High-resolution MS calcdffirmula GoH2sNO,: 340.2025; found: 340.2023.

O,N

1.1.9.30 (6mb) N-(((cis)-1-(4-Methoxybenzyl)-4-(2-nitrophenyl)azetidin-2-y)methyl)propan-1-amine
General Procedure C was usedn (200 mg, 0.64 mmol), flash chromatography

N02 N/\/ . .
N H (CHCI:/MeOH = 9/1 Rf 0.4), yellow oil, yield (frorhm) = 163 mg, 69%. IR 2959, 2932,
2874, 1611, 1584, 1523, 1513, 1463, 1346, 12486,11709;'H NMR (5; 300 MHz,
CDCly); 0.77 (3H, tJ = 7.5, Me), 1.22-1.32 (2H, ni€H,CHy), 1.73 (1H, dtJ = 10.5 &
MeO

8.4, ArCCHCHH), 2.22-2.37 (3H, m, NHB,CH,, NCHCHHNH), 2.46 (1H, ddJ = 12.2
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& 4.8, NCHQHHNH), 2.73 (1H, dtJ = 10.5 & 8.4 ArCHCHH), 3.29-3.36 (1H, m, NBCH,NH), 3.53 (2H, ABqJas
=12.6, NGH,Ar), 3.72 (3H, s, OBl3), 4.47 (1Hapt, obs) = 8.4, ArGHCH,), 6.76 (2H, dJ = 8.7, AH), 7.18 (2H, dJ =
8.7, AH), 7.30 (1H, tJ = 7.2, AH), 7.57 (1H,tJ = 7.2, AH), 7.90 (1H, dJ = 7.2, AH), 8.10 (1H, dJ = 7.2, AH);
¥C{*H} NMR (&; 100 MHz, CDC}) 11.71 (CH), 22.94 (CH), 31.18 (CH), 51.98 (CH), 54.63 (CH), 55.26 (CH),
61.14 (CH), 61.50 (CH), 62.32 (CH), 113.71 (CH), 124.33 (CH)7.40 (CH), 128.91 (CH), 130.24 (CH), 130.52 (C)
133.56 (CH), 139.55 (C), 147.31 (C), 158.92 (C)gtHiesolution MS calcd for formula,{,/,N;OsNa: 392.1950;
found: 392.1951.

1.1.9.31 (6ra) N-(((cis)-1-benzyl-4-(naphthalen-2-yl)azetidin-2-yl)methyN-propylpropan-1-amine
N/\/ General Procedure ®Was usedlr (273 mg, 0.95 mmol), yield (frortr) = 100 mg,
‘ N \\\ 50%. IR 2956, 2924, 1666, 1454 NMR (5; 300 MHz, CDC})); 0.80 (3H, tJ =
O 9.0, NCHCH,CH3), 1.27-1.29 (4H, m, NC}¥H,CHs), 1.76 (1H,aptq, obsd = 9.0
NaphCHCHH), 2.18-2.39 (6H, m, NB,CH,CH; & NCHCH,N), 2.91 (1H, dtJ =
9.0 & 6.0, NaphCHEH), 3.39-3.50 (1H, m, NBCH,N), 3.66 (2H, ABg,Jxs = 12.0, NGH,Ph), 4.73 (L1Hgpt, obsd =
9.0, Naph®ICH,), 7.26-7.96 (12H, m, Ph & NapHH); °C {*H} NMR (5; 100 MHz, CDC}), 11.83 (CH), 20.10
(CHy), 29.70 (CH), 35.22 (CH), 56.92 (CH), 59.99 (CH), 62.01 (CH), 62.75 (GH 122.91 (CH), 122.99 (CH),
125.34 (CH), 125.78 (CH), 126.74 (CH), 128.14 (Ct)9.60 (CH), 130.27 (C), 133.59 (C), 138.76 ((39.60 (C).
High-resolution MS calcd for formula,@zN,: 387.5802; found: 387.2819.

1.1.9.32 (6sa) 3-((€is)-2-phenyl-4-(piperidin-1-ylmethyl)azetidin-1-

N yl)methyl)pyridine

N O General procedure C was us&d(130 mg, 0.56 mmol), yield (frorhg = 130 mg, 81%. IR

3028, 2934, 2852, 2803,1576, 1492, 1454, 1424, 1B%26, 1303, 1157H NMR (3; 300

\_/ MHz, CDCk); 1.35-1.45 (2H, m, NCKCH,CH,), 1.57-1.68 (4H, m, NC}H,CH,), 1.80

N (IH, apt, obsd = 9.0, PhnCHCHi), 2.40-2.47 (6H, m, NB,CH,CH, & NCHCH_N), 2.60
(1H, dt,J = 9.0 & 6.0, PhCHEH), 3.46 (1HpdN, opsd = 6.0, NGHCH,N), 3.67-3.77 (2H, m, NB,Py), 3.75 (2H, d),
4.00 (1H,aptt, obsd = 9.0, Ph®ICH,), 7.08-7.35 (6H, m, Rth & PyH), 7.59 (1H, dtJ = 6.0 & 3.0, P#l), 8.39 (1H, ddJ
= 6.0 & 3.0, PH), 8.49 (1H, s, Py); °C {*H} NMR (8; 100 MHz, CDC}), 23.71 (CH), 25.18 (CH), 35.43 (CH),
54.94 (CH), 58.54 (CH), 60.33 (CH), 64.75 (C}), 66.34 (CH), 122.95 (CH), 126.78 (CH), 127.21 JCH28.16
(CH), 133.81 (C), 137.02 (CH), 142.93 (C), 148.%H}, 150.45 (CH). High-resolution MS calcd for farla

CyHoN3 322.4671; found 322.4684.

1.1.9.33 (6sb)N-benzyl-1-((is)-4-phenyl-1-(pyridin-3-ylmethyl)azetidin-2-yl)methanamine
N General procedure C was uséddg, (260 mg, 1.0 mmol), yield (froms) = 250 mg,
H 65%. IR 3027, 2824, 1673, 1576, 1493, 1478, 1452411354, 1260, 11574 NMR

— El4
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(8; 300 MHz, CDC}); 2.01 (1H, dtJ = 12.0 & 9.0, PhCHCH), 2.40-2.49 (2H, m, PCHdH & NCHCHHNH), 2.56
(1H, dd,J = 12.0 & 6.0, NCHEIHNH), 3.28-3.37 (1H, m, NBCH,NH), 3.66 (2H, s, NHE,Ph), 3.67 (2H, ABqJas
= 12.0, NGH,Py), 3.99 (1Hapt, obsd = 9.0, PhE®ICH;,), 7.06-7.40 (6H, m, P & PyH), 7.55 (1H, dtJ = 6.0 & 3.0,
PyH), 8.39 (1H, dd,) = 6.0 & 3.0, P{), 8.49 (1H, s, P); **C{*H} NMR (&; 100 MHz, CDC}), 31.26 (CH), 53.28
(CH,), 54.00 (CH), 58.76 (CH), 62.59 (CH), 65.76 (CH), 123.03 (CH), 126.90 (CH26.94 (CH), 127.24 (CH),
128.04 (CH), 128.22 (CH), 128.38 (CH), 134.07 (€36.69 (CH), 143.00 (C), 148.48 (CH), 150.21 (CHigh-
resolution MS calcd for formulasgH,¢N3; 344.4726; found 344.4627.

1.1.9.34 (7aa) 1-((€is)-1-Benzyl-4-phenylazetidin-2-yl)ymethyl)-4-phenyl-H-1,2,3-triazole
N General procedure D was used, post-work up -ha#didine2a (1.00 g, 2.70 mmol),
L;N sodium azide (357 mg, 5.50 mmol), DMF (20 mL), etyipenzene (276 mg, 2.70 mmol),
pn copper () iodide (1.05 g, 5.50 mmol), flash chroogaaphy (Hexane/EtOAc = 6/4 Rf
0.4), yellow oil, yield (fromla) = 680 mg, 53%. IR 3675, 2971, 2901, 2163, 149331
1406, 1393, 1066, 10564 NMR (5; 300 MHz, CDC}); 1.72 (1H, dtJ = 10.8 & 8.4,
PhCHCHH), 2.48 (1H, dtJ = 10.8 & 8.4 , PhCHBH), 3.62-3.70 (1H, m, NBCH,N), 3.71 (2H, ABQ,Jsxs = 12.3,
NCH,Ph), 3.94 (1H, dd) = 14.2 & 3.6, NCHCHIN), 4.06 (1H,apt, obsJ = 8.1, PICHCH,), 4.29 (1H, ddJ = 14.2 &
3.6, NCHCGHHN), 7.21-7.40 (11H, m, P, 7.48 (2H, tJ = 7.8, PI), 7.65 (1H, s, EN3), 7.83-7.86 (2H, m, Rh);
¥C{*H} NMR (3&; 100 MHz, CDC}), 30.18 (CH), 53.53 (CH), 61.21 2 x (CH), 64.97 (CH 121.41 (CH), 125.71
(CH), 126.73 (CH), 127.43 (CH), 127.67 (CH), 127(€H), 128.29 (CH), 128.57 (CH), 128.81 (CH), 129(&H),
130.90 (C), 137.87 (C), 142.27 (C), 147.26 (C).Higsolution MS calcd for formula gH.sN4: 381.2079; found
381.2078.

1.1.9.35 (7ab) 1-((cis)-1-Benzyl-4-phenylazetidin-2-yl)methyl)-4-propyl-H-1,2,3-triazole
General procedure D was used, post-work up haltbdize 2a (895 mg, 2.50 mmol),
N N/\‘\N sodium azide (320 mg, 5.00 mmol), DMF (20 mL), hiyee (170 mg, 2.50 mmol), copper
() iodide (952 mg, 5.00 mmol), flash chromatogrnaHexane/EtOAc = 6/4 Rf 0.4), yellow
oil, yield (from 1a) = 516 mg, 59%. IR 3062, 3029, 2958, 2927, 28H731 1603, 1551,
1494, 1383, 1358, 1287, 1214, 1154;NMR (5; 300 MHz, CDC}); 1.01 (3H, tJ = 7.2,
Me), 1.62-1.77 (3H, m, PhCH@H & CH,CH3), 2.42 (1H, dt,J = 10.8 & 7.2, PhCHEBH), 2.68-2.74 (2H, m,
N=NCCH,), 3.58 (1H, m, NEICH,N), 3.66 (2H, ABq,Jsxs = 12.6, NCGi,Ph), 3.85 (1H, ddJ = 14.2 & 3.6,
NCHCHHN), 4.01 (1H,apt, obs) = 8.1, PICHCH,), 4.20 (1H, ddJ = 14.25 & 3.6, NCHEIHN), 7.19 (1H, s, EINy)
7.22-7.34 (10H, m, BH); *C{*H} NMR (3; 100 MHz, CDC}), 13.85 (CH), 22.83 (CH), 27.70 (CH), 30.28 (CH),
53.31 (CH), 61.13 2 x (CH), 64.89 (CH 122.32 (CH), 126.72 (CH), 127.37 (CH), 127.55JC128.19 (CH), 128.46
(CH), 128.88 (C), 129.53 (CH), 137.79 (C), 142.88. High-resolution MS calcd for formula,£i,¢NsNa: 369.2055;
found 369.2039.
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1.1.9.36 (7da) 3-Cis-1-Benzyl-4-((4-phenyl-1H-1,2,3-triazol-1-yl)methyazetidin-2-yl)pyridine.
N’No General procedure D was used, post-work halo-dmetigp2d (500 mg, 1.37 mmol) and
N \§<N sodium azide (178 mg, 2.74 mmol) DMF (20 mL), efipenzene (140 mg, 1.37 mmol),
| _ Ph copper (1) iodide (521 mg, 2.74 mmol), flash chréogeaphy (CHGYMeOH = 95/5 Rf
0.4), yellow ail, yield (fromld) = 303 mg, 46%. IR 3029, 2915, 2850, 1578, 1438271
1383, 1311, 1222, 1178H NMR (5; 500 MHz, CDC)); 1.82 (1H,zd, obsJ = 10.0,
PyCHCHH), 2.56 (1H,ap0, obs) = 10.0, PyCHEIH), 3.68 (2H, ABqJss = 10.0, NGH,Ph), 3.74 (1H, m, NECH,N),
4.08 (1H, ddJ = 12.5 & 5.0, NCHCHIN), 4.15 (1H, m, PyEICH,), 4.36 (1H, dJ = 15.0, NCHE&HN), 7.10 (1H, m,
PyH), 7.27 (1H, tJ = 10.0, PH), 7.29 (2H, dJ = 5.0, Phi), 7.31 (2H, tJ = 10.0, PH), 7.37 (1H, tJ = 10.0, PHi),
7.47 (2H, tJ = 10.0, PH), 7.59 (1H, dJ = 5.0, Pi), 7.62 (1H, s, €EIN3), 7.81 (2H, dJ = 10.0, P{), 8.35 (2H, br,
PyH); *C{*H} NMR (3; 100 MHz, CDC}), 28.97 (CH), 52.54 (CH), 60.75 (CH), 60.75 (CH), 61.75 (CH), 121.84
(CH), 123.64 (CH), 125.20 (CH), 125.22 (CH), 127(TH), 128.03 (CH), 128.58 (CH), 128.83 (CH), 1Z0(8H),
130.06 (C), 137.00 (C), 137.20 (C), 146.70 (C),.8a87(CH), 148.40 (CH). High-resolution MS calcd formula
C,sHoaNsNa: 404.1851; found 404.1839.

1.1.9.37 (8ab) (cis)-1-Benzyl-5-phenyIN-propylpyrrolidin-3-amine
General procedure F was usetla (100 mg, 0.42 mmol), flash chromatography
HN—/_ (CHCIlyMeOH = 9/1 Rf 0.4), yellow oil, yield (frorha) = 96 mg, 78%. IR 3662, 2923, 2852,
1641, 1494, 1451, 1379, 1256, 1088; NMR (5; 300 MHz, CDCJ); 0.90 (3H, t,J = 7.5,
N Me), 1.47-1.59 (2H, m, C}¥€H,CH), 1.61-1.71 (1H, m, PhCHaH), 2.39 (1H, dd,J = 10.1
K@ & 7.3, NCHHCHNH), 2.48-2.60 (3H, m) = 7.5, PhCHCH & NHCH,), 3.06 (1H, ddgs)
=10.1 & 1.8, NCHHCHNH), 3.28-3.35 (1H, m, NC}HNH), 3.41 (1H, ddJ = 9.6 & 7.0,
PhCHCH,), 3.45 (2H, ABgJas = 13.2, NGH,Ph), 7.23-7.39 (8H, m, ), 7.45-7.52 (2H, m, BHt); *C{*H} NMR (3;
125 MHz, CDC}), 11.77 (CH), 22.74 (CH), 43.12 (CH), 49.33 (CH), 55.61 (CH), 57.53 (C}), 58.46 (CH), 68.80
(CH), 126.75 (CH), 127.25 (CH), 127.49 (CH), 128(CH), 128.53 (CH), 129.19 (CH), 139.14 (C), 142(62. High-
resolution MS calcd for formula gH,-N,: 295.2174; found: 295.2171.

1.1.9.38 (8ab) trans)-1-Benzyl-5-phenyIN-propylpyrrolidin-3-amine
General procedure G was uséd,(50 mg, 0.21 mmol), flash chromatography (Ck#aeOH
HNI = 9/1 Rf 0.4), yellow oil, yield (fronla) = 46 mg, 74%. IR 3675, 3391, 2966, 2930, 2796,
1602, 1493, 1453, 1376, 1288, 1241, 1075, 186&MR (5; 300 MHz, CDC}); 0.92 (3H, tJ
N = 7.5, Me), 1.56-1.68 (2H, m, GBH,CHs), 2.03-2.23 (3H, m, PhCHdH, PhCHCHH,
\@ NCHHCHNH), 2.50 (2H, t,J = 7.5, NHQ,), 3.39-3.53 (2H, m, NCHCHNH &
NCH,CHNH), 3.45 (2H, ABQJas = 12.9, NCG1,Ph), 3.72 (1Hgpt, obs) = 8.1, PhEICH,), 7.23-
7.30 (6H, m, PH), 7.33-7.39 (2H, m, R), 7.45-7.48 (2H, m, Rf); *C{*H} NMR (&; 125 MHz, CDC}), 11.69
(CHs), 22.53 (CH), 41.95 (CH), 49.85 (CH), 55.53 (CH), 57.66 (C})l, 59.50 (CH), 67.82 (CH), 126.83 (CH),
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127.24 (CH), 127.56 (CH), 128.16 (CH), 128.52 (Ct28.59 (CH), 139.21 (C), 142.88 (C). High-resantMS calcd
for formula GoH»7N»: 295.2174; found: 295.2155.

1.1.9.39 (8aj) (cig)-1'-Benzyl-5'-phenyl-1,3"-bipyrrolidine
General procedure F was usetla (100 mg, 0.42 mmol), flash chromatography
D (CHCIs/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromda) = 104 mg, 81%. IR 3414, 3061,
@—(\/r 3028, 2962, 2790, 1602, 1493, 1453, 1331, 12898,12054;'H NMR (5, 300 MHz,
N CDCly); 1.86-1.96 (5H, m, NCKCH, & PhCHCHH), 2.42-2.51 (1H, m, NBHCHN &
PhCHQHH), 2.77 (4H, br, NE€I,CH,), 3.22 (1H, ddJ = 10.95 & 3.0, NCHICHN), 3.24 (1H,
br, NCH,CHN), 3.46 (2H, ABqQ,Jxs = 13.5, NG,Ph), 3.52 (1H, ddJ = 10.6 & 5.8,
PhCHCH,), 7.21-7.40 (8H, PH), 7.51-7.54 (2H, m, At); *C{*H} NMR (3; 125 MHz, CDC}), 23.75 (CH), 40.77
(CH,), 51.55 (CH), 56.40 (CH), 57.80 (C}), 60.93 (CH), 69.05 (CH, 126.93 (CH), 127.40 (CH), 127.59 (CH),
128.26 (CH), 128.37 (CH), 128.66 (CH), 138.89 (©31.85 (C). High-resolution MS calcd for formula.&,,N,:
307.2174; found: 307.2171.

1.1.9.40 (8aj) (trans)-1'-Benzyl-5'-phenyl-1,3'-bipyrrolidine
General procedure G was usetla (400 mg, 1.68 mmol), flash chromatography
< I\D (CHCI/MeOH = 9/1 Rf 0.4), yellow oil, yield (fromdia) = 403 mg, 78%. IR 3402, 3028,
@-(Nj 2875, 2793, 1453, 1374, 1158 NMR (5; 300 MHz, CDCJ); 1.87 (4H, br, NCHCH,), 2.00
(1H, dt,J = 13.3 & 9.0 PhCHEH), 2.35-2.45 (2H, m, PhCHG#H& NCHHCHN), 2.66-2.68
(4H, m, N,CH,), 3.00-3.09 (1H, m, NCKHN), 3.16 (1H, dd,J = 8.7 & 6.6,
NCHHCHN), 3.47 (2H, ABQ,Jse = 12.9, NG1,Ph), 3.76 (1Hpt, ops) = 8.4, PhEICH)),
7.24-7.39 (8H, PH), 7.47-7.49 (2H, m, RM); **C{*H} NMR (&; 100 MHz, CDC}), 23.26 (CH), 40.53 (CH), 53.07
(CH,), 57.60 (CH), 58.34 (CH), 62.71 (CH), 68.07 (C})l, 126.86 (CH), 127.23 (CH), 127.52 (CH), 128.18)C
128.53 (CH), 128.63 (CH), 139.20 (C), 143.18 (Gpghresolution MS calcd for formula@,/N,: 307.2174; found:
307.2159.

1.1.9.41 (8ka) (cis)-1-Benzyl-5-cyclohexylN-propylpyrrolidin-3-amine
General procedure F was usé#l,(17 mg, 0.07 mmol)lash chromatography (CHgMeOH
HN—/_ = 9/1 Rf 0.4), yellow oil, yield (fronlk) = 17 mg, 82%. IR 3408, 2925, 2853, 1643, 1495,
1450, 1373, 1241H NMR (&; 300 MHz, CDCJ); 0.94 (3H, tJ = 7.5, Me), 1.05-1.26 (5H, m,
N NCHCHCHH, NCHCHCHCHH, NCHCHCHCH,CHH), 1.72-1.90 (8H, m, NCHRB,
\\© NCHCHCHH, NCHCHCHCHH, NCHCHCHCH,CHH, NHCH,CH,), 1.96-2.05 (1H, m,
NCHCHHCH), 2.20-2.30 (1H, m NCHCHHCH), 2.36-2.49 (2H, m, NEBCH,CH,
NCHHCHNH), 2.79-2.95 (2H, m, NHB,CH2), 3.10-3.14 (2H, m, NCHCHNH), 3.59 (2H, ABQ,Jxs = 13.2,
NCH,Ph), 3.71-3.78 (1H, m, NGHNH), 7.24-7.38 (5H, m, RM); *C{'H} NMR (&; 100 MHz, CDC})), 11.42
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(CHa), 20.20 (CH), 25.86 (CH), 26.12 (CH), 26.68 (CH), 26.71 (CH), 30.17 (CH), 30.80 (CH), 38.09 (CH), 46.84
(CH,), 54.86 (CH), 55.62 (C}), 57.03 (CH), 67.45 (CH), 127.38 (CH), 128.51 (CH), 128.64 JCtB7.95 (C). High-
resolution MS calcd for formula gHsaN,: 301.2643; found: 301.2643.

1.1.9.42 (8ka) (trans)-1-Benzyl-5-cyclohexylN-propylpyrrolidin-3-amine
_/— General procedure G was us&ll,(67 mg, 0.27 mmol¥lash chromatography (CH¢ZMeOH
HN = 9/1 Rf 0.4), yellow oil, yield (fromik) = 65 mg, 79%. IR 3376, 3027, 2923, 2851, 2792,
\ 2505, 2422, 1586, 1494, 1451, 1375, 1326, 134 TNMR (5, 300 MHz, CDC}); 0.93 (3H, t,
J=17.5, Me), 1.00-1.27 (5H, m, NCHCH{E{, NCHCHCHCHH, NCHCHCHCH,CHH),
\\© 1.64-1.84 (8H, m, NCHB, NCHCHCHH, NCHCHCHCHH, NCHCHCHCH,CHH,
NHCH,CH,), 1.97-2.19 (2H, m, NCHB,CH & NCHCHHCH), 2.32-2.41 (1H, m, NBCH,CH), 2.68-2.73 (2H, m,
NHCH,CH2), 2.76-2.83 (1H, m, NEHCHNH), 3.17-3.25 (2H, m, NCHCHNH), 3.35-3.41 (1H, m, NC}¥HNH),
3.63 (2H, ABQ,Jas = 13.2, NG®,Ph), 7.27-7.32 (5H, m, P); *C{*H} NMR (3&; 100 MHz, CDC}), 11.53 (CH),
21.25 (CH), 25.74 (CH), 26.28 (CH), 26.82 (CH), 26.92 (CH), 30.76 (CH), 39.11 (CH), 49.48 (C}§), 55.44 (CH),
58.19 (CH), 66.98 (CH), 126.89 (CH), 128.27 (CH), 128.51 (CH), 139.53. (@igh-resolution MS calcd for formula
CaoH33N,: 301.2643; found: 301.2630.

1.1.9.43 (9aa) 1-(frans)-1-Benzyl-5-phenylpyrrolidin-3-yl)-4-phenyl-1H-1,2 3-triazole
N. Ph General procedure E was used, post-work up iodbeize2a (71 mg, 0.19 mmol), DMSO

N"J/

\ (20 mL), sodium azide (25 mg, 0.38 mmol), ethyngtbene (20 mg, 0.19 mmol), copper (I)

iodide (36 mg, 0.19 mmol), flash chromatographyxatee/EtOAc = 7/3 Rf 0.3), yellow oil,
N yield (from1a) = 52 mg, 65%. IR 3063, 3028, 2925, 2853, 1603414454, 1216, 1156H
NMR (8; 300 MHz, CDCJ); 2.39 (1H, dtJ = 13.8 & 9.6, PhCHCH), 2.61-2.69 (1H, m,
\© PhCHMH), 2.72 (1H, dd,J = 9.7 & 7.4, NGHHCHNy), 3.49 (2H, ABq,Js = 12.9,
NCH.Ph), 3.61 (1H, ddJ = 9.7 & 7.4, NCHHCHN,), 3.92 (1H, a4, os) = 7.8, PhEGICH,), 5.09-5.19 (1H, m,
CH,CHNy), 7.17-7.28 (7H, m, R#), 7.31-7.38 (4H, m, RH), 7.46 (2H, dJ = 7.2, Pi), 7.67 (1H, s, EINy), 7.75
(1H, d,J = 6.9, PK); *C{*H} NMR (3; 100 MHz, CDC}), 42.38 (CH), 57.11 (CH), 57.88 (CH), 59.44 (C§, 67.90
(CH), 118.68 (CH), 125.70 (CH), 127.17 (CH), 127(6€H), 127.76 (CH), 128.17 (CH), 128.33 (CH), 128(€H),
128.77 (CH), 128.83 (CH), 130.58 (C), 138.42 (()1.88 (C), 147.81 (C). High-resolution MS calcd formula
CasHo4NsNa: 403.1899; found: 403.1917.

1.1.9.44 (9ca) (1-(frans)-1-(4-Methylbenzyl)-5-phenylpyrrolidin-3-yl)-4-phenyl-1H-1,2,3-triazole
N_ _pn General procedure D was used, post-work up iodtelze 2¢ (70 mg, 0.18 mmol) DMSO
NNJ/ (20 mL), sodium azide (24 mg, 0.37 mmol), ethynglbene (18 mg, 0.18 mmol), copper

() iodide (68 mg, 0.37 mmol), (Hexane/EtOAc = RBO.3), yellow ail, yield (fromlc) =
Q/Q 48 mg, 61%. IR 3356, 3070, 3026, 1674, 1600, 15293, 1456, 1341, 11784 NMR (3,
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500 MHz, CDC})); 2.33 (3H, s, Me), 2.44 (1H, di,= 13.8 & 9.5, PhCHCH), 2.69-2.74 (1H, m, PhCHdH), 2.80
(1H, dd,J = 9.9 & 7.5, NG{HCHN,), 3.53 (2H, ABQ,Jss = 13.0, NG,Ar), 3.69 (1H, dd,J = 9.9 & 7.5,
NCHHCHN;), 3.97 (1H,at, obs) = 8.0, PhEICH,), 5.17-5.23 (1H, m, CKCHN3), 7.11 (2H, dJ = 8.0, AH), 7.15
(2H, d,J = 8.0, AH), 7.30-7.34 (2H, m, Af), 7.39-7.44 (4H, m, Af), 7.52 (2H, dJ = 7.0, AH), 7.71 (1H, s, ENJ),
7.81 (1H, dJ = 7.0, AH); *C{*H} NMR (3; 125 MHz, CDC}), 21.08 (CH), 42.49 (CH), 56.65 (CH), 57.94 (CH),
59.23 (CH), 67.76 (CH), 118.61 (CH), 125.69 (CH), 127.59 JCH7.70 (CH), 128.14 (CH), 128.69 (CH), 128.74
(CH), 128.82 (CH), 129.00 (CH), 130.68 (C), 135(09, 136.80 (C), 141.63 (C), 147.90 (C). High-resioh MS
calcd for formula GsHo¢NsNa: 417.2055; found: 417.2054.

1.1.9.45 (9da) 3-trans-1-Benzyl-4-(4-phenyl-1H-1,2,3-triazol-1-yl)pyrroldin-2-yl)pyridine.
N. _Ph General procedure D was used, post-work up iodteize 2d 110 mg, 0.30 mmol), DMSO

’,

N\l;l | (20 mL), sodium azide (30 mg, 0.45 mmol), ethynpltene (32 mg, 0.30 mmol), copper (I)
iodide (115 mg, 0.60 mmol), (EtOAc Rf 0.4), yellai, yield (from 1d) = 86 mg, 57%. IR
N N 3127, 3026, 2920, 2822, 1579, 1495, 1481, 14553,14275, 1322, 1289, 1229, 1178, 1160;

» \\© 'H NMR (3; 300 MHz, CDC}); 2.43(1H, dt,J = 15.0 & 9.0, PyCHCH), 2.78 (1H, m,

N PyCHCHH), 2.86 (1H, ddJ = 9.0 & 6.0, CHHN3), 3.57 (2H, ABqJas = 15.0, NG&H,Ph), 3.71
(1H, t,J = 9.0, GHHN,), 4.07 (1H, tJ = 9.0, PyGICH,), 5.21 (1H, m, NEICH,N3), 7.33 (9H, m, AH), 7.75 (1H, s,
CHN,), 7.81 (2H, dJ = 9.0, AH), 7.87 (1H, dJ = 6.0, AH), 8.61 (1H, br, P§), 8.78 (1H, br, Py); **C{*H} NMR
(5; 100 MHz, CDC}), 42.30 (CH), 56.20 (CH), 57.82 (CH), 59.42 (C§), 65.45 (CH), 118.87 (CH), 125.71(CH),
127.36 (CH), 128.25 (CH), 128.45 (CH), 128.65 (Ct)8.87 (CH), 130.47 (C), 135.15 (CH), 137.93(@)7.87(C),
149.29(CH), 149.57(CH) (quat Cxiaz0le NOt Observed). High-resolution MS calcd for form@hHosNsNa: 404.1851;
found: 404.1867.

nOe experiments revealdédns substitution arrangement about the pyrroliding,risuggesting compour8ti, formed
in situ is cleanly converteglia an §2 mechanism to the corresponding azide which isemently converted to the

corresponding triazole:

E19



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

trans-9da

Irradiating H®
NOE has been seen with H2, H* H®

/’ N/ N
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H N N
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e ’H7b><H4a H2a
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1y 3Py ~ N
k) (NN
\, H2b
Ny R
i 5 ,
&

Irradiating H®
NOE has been seen with H2®, H4 H8, H7ab
(pyridyl proton interaction is also observed)

That H® and H® display nOe between different protons on the
same methylene carbons (corresponding to H22&0 and H4280) s
convincing evidence of trans geometry. Also, no nOe between H®

and H° was observed.

1.1.9.46 (10a) (is)-1-Benzyl-5-phenylpyrrolidin-3-ol

OH General

ESI

procedure H was useda (100 mg, 0.42 mmol), flash chromatography

(Hexane/EtOAc = 2/1 Rf 0.3), yellow oil, yield (frola) = 87 mg, 82%. IR 3370, 2970, 2906,
N 2794, 1493, 1453, 1408, 1376, 1250, 1229, 1144MMR (5; 300 MHz, CDCJ); 1.71-1.79
\\© (1H, m, PhCHEIH), 2.09 (1H, br, OH), 2.33 (1H, dd,= 10.3 & 4.8, NCHICHOH), 2.61-
2.70 (1H, m, PhCHCH), 3.02-3.07 (1H, m, NBHCHOH), 3.36 (1H,apt, onsJ = 8.4,
PhCHCH,), 3.45 (2H, ABqJas = 13.2, NG1,Ph), 4.20-4.29 (1H, m, GIEHOH), 7.22-7.31 (6H, m, B4), 7.34-7.39
(2H, m, PIH), 7.47 (2H, d,J = 6.9, Pi); °*C{*H} NMR (3; 100 MHz, CDC}), 45.97 (CH), 57.16 (CH), 62.13
(CH,), 68.28 (CH), 70.12 (CH), 126.90 (CH), 127.29 (C#27.55 (CH), 128.20 (CH), 128.62 (CH), 128.67 JCH

138.83 (C), 142.84 (C). High-resolution MS calcdffrmula G;HgNONa: 276.1364; found: 276.1373.

1.1.9.47 (10b) (cis)-1-(4-Methoxybenzyl)-5-phenylpyrrolidin-3-ol

OH

N

142.63 (C), 158.61 (C). High-resolution MS calcdffrmula GgH»i:NO,Na: 306.1470; found: 306.1464.

General procedure H was useth (100 mg, 0.37 mmol), flash chromatography
(Hexane/EtOAc = 2/1 Rf 0.3), yellow oil, yield (frolb) = 83 mg, 79%. IR 3346, 2925,
1682, 1611, 1512, 1454, 1302, 1248, 1178, 13968YMR (5; 500 MHz, CDC)); 1.72-
K@\ 1.77 (1H, m, PhCHBH), 2.11 (1H, br, OH), 2.33 (1H, dd] = 10.5 & 5.0,
OMe NCHHCHOH), 2.59-2.67 (1H, m, PhCHCH, 2.99-3.03 (1H, m, NBHCHOH), 3.34
(1H, apt, obs) = 8.5, PhEICH,), 3.40 (2H, ABQ,Jas = 13.0, NGi,Ph), 3.78 (3H, s, OMe), 4.23-4.25 (1H, m,
CH,CHOH), 6.82 (2H, dJ = 8.5, AH), 7.15 (2H, dJ = 8.5, AH), 7.27 (1H, tJ = 7.5, Pi), 7.36 (2H, tJ = 7.5,
PHH), 7.46 (2H, dJ = 7.5, Pit); *C{*H} NMR (&; 125 MHz, CDC}), 45.90 (CH), 55.19 (CH), 56.29 (CH), 61.89
(CHy), 68.17 (CH), 69.95 (CH), 113.53 (CH), 127.26 (CH27.60 (CH), 128.56 (CH), 129.92 (CH), 130.61,(C)
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1.1.9.48 (10d) (cis)-1-Benzyl-5-(pyridin-3-yl)pyrrolidin-3-ol
General procedure H was usddl (100 mg, 0.42 mmol), flash chromatography (EtOAc R
0.4), yellow oil, yield (fromld) = 77 mg, 72%. IR 3298, 3028, 2925, 2793, 1579514480,
N N 1453, 1428, 1373, 1318, 1217, 1148t NMR (&; 300 MHz, CDC)); 1.68-1.75 (1H, m,
| N7 \\© PyCHCHH), 2.20 (1H, br, OH), 2.36 (1H, dd,= 10.5 & 4.8, NCHHCHOH), 2.58-2.68 (1H,
m, PyCHCHH), 3.01-3.10 (1H, m, NBHCHOH), 3.42 (2H, ABqJsxs = 13.2, NG,Ph), 3.39
(1H, apt, obs) = 8.4, PYyGICH,), 3.42 (2H, ABQqJas = 13.2, NGH,Ph), 4.23-4.28 (1H, m, GBHOH), 7.13-7.27 (6H,
m, ArH), 7.84 (1H, dJ = 8.1, PW), 8.46 (1H, dJ = 3.6, P¥), 8.57 (1H, s, Pyl); *C{*H} NMR (35; 100 MHz,
CDCly), 45.86 (CH), 57.20 (CH), 62.38 (CH), 66.08 (CH), 70.02 (CH), 124.02 (CH), 127.47 (C#}8.34 (CH),
128.75 (CH), 135.36 (CH), 137.83 (C), 138.02(C).92 (CH), 149.60 (CH). High-resolution MS calcd formula
CieHieN,ONa: 277.1317; found: 277.1323.

OH

2 General Biological Procedures

2.1 Zebrafish maintenance and embryo collection
Wild-type AB* zebrafish were maintained and useccamding to animal experimentation licencing

requirements of the Scientific Procedures Act 1Q3€) in a Tecniplast flow-through system under sizml
conditions with a 14/10 hour light/dark cycle. Mityi experiments with 6 dpf zebrafish larvae weegried
out in the laboratory of Biotecont Ltd. in accordanwith Hungarian law for animal experimentation.
Breeding pairs were set up in breeding cages thiebdfore collection of embryos. Embryos were olgdin
from crosses the following morning and then tramefé immediately to E3 embryo medium. E3 embryo

medium was changed daily and the embryos weredte °C for the duration of the investigation.

2.2 Assay preparation
Assays were carried out in 24 well plates with tembryos per well and three wells used per

compound/control (0.1% DMSO and E3 medium conti®@he well per treatment group was used for scoring
morphological defects. Drug dilutions were madefigsh on the day of treatment by dissolving in E3
embryo medium. Sample dilutions were kept in thik da avoid possible photodegradation. A total vaéu

of 1.5 mL of solution was added to each well. Thetgs were maintained at 28 °C, sealed and covared
kitchen foil to avoid light contamination. Treatnterwith 10 and 25uM concentrations of each azetidine
were started at the 75%-epiboly stage and treaimsith a 30uM concentration of each azetidine were
started at the prim-5 stage. Embryos were stagsehan the staging series outlined by Kimmtel..!

Embryos were observed daily over five days and malggical abnormalities were scored. Each of the

assays was carried out in triplicate and medium nmedsenewed in any of the wells over the 5 dayqaer
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Two-tailed T-test and One-way ANOVA analysis werarred out to determine whether any of the
morphological effects observed were statisticaignigicant. Motility assays with compounts-6ae were
carried out in the laboratory of Biotecont Ltd.d@ocordance with Hungarian law for animal experiragan.

To determine the effect on motility compoucid-6aewas administered to 6 dpf zebrafish for 30 minates
assess the distance moved. The assays were aautigda four well plate with two wells per compauand
two wells per control (0.1% DMSO) with the total lume in each well totalling 20 mL. Fish were
acclimatized to the recording plate for 30 minute$ore the plate was inserted into an imaging dethat
took pictures every second. These images were pifmressed using a custom-made program (KomiPL) to
determine the pixel changes over the 30 minute pereod, indicating the extent of movement of theve,
thus permitting comparisons between the treated comdrol samples. Two tailed T-tests and One-way
ANOVA analysis were then used to determine whe#rer differences observed were significant. Further
analysis of compoun@ae using fluorescence analysis @(flil:EGFP)? and Tg(gatala: RFP;fli: EGF)?
zebrafish transgenic linésvas carried out using a Nikon fluorescence mi@pscSMZ1500. Frequency of
zebrafish embryos and larvae exhibiting blood chotd tail necrosis were recorded following treatiragn
75%-epiboly with 50 uM of compourghefor 24 hours. T-tests were performed to deternaihether these

differences were significant.

3 Biological Supplementary Figures and Tables

Supplementary Table 1. Table SO01 ©bservation of zebrafish treated with DMSO solwiohchosen azetidines over 5 days: AuM) B) 25
uM and C) 30uM (24 hpf start)

Additive A: 10 uM B: 25 uM C: 30 uM (24 hpf start)
24h 48h  72h 96h 120h 24h 48h 72h 96h 120h 48h 72h 96h 120h
6ae AN 3
6ad B . ) o
. _ . o
& e |~ PR T — e T D
6ga T 4
& o & o = L 3
o i o< L&\ - w—;% = T S e W—
L E . 1
) A o L La’v\ ol = — i
6ja o= e & -
i‘\‘ L & do F.”&—.‘_ —— T e S o
6dli o e —— = .- [ preS— - C P .
Control , ) 4 .
ontro o D P S S N L s '-@a- B
i 1 B [ % b
Blank k‘:\ o o o L‘,\ N e e P G S o
| - o 4 - .

Control: DMSO added (0.1%). Blank: No additive.

E22



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

10 uMm 25 uM 30 uM (24 hpf start)
100 100 100
90 - 90 - 90
80 - 80 - 80 - W 6ae
70 - 70 - 70 - méla
60 - 60 60 m 6ga
Mean
hatching 50 50 50 W6ac
rate (%) 20 a0 - 40 m6db
30 - 30 30 - m6ad
20 - 2 - 2 - #0.1% DMSO
10 - 10 - 10 mE3
0 - . 0 - 0 .
48 72 48 72

Time duration (hours)

Supplementary Figure 1.Mean hatching rates of embryos after 48 and 72simllowing treatment with azetidines at 1B, 25uM and 30
uM (24 hpf start). Treatment with 6ae at both 25 a8@dM was found to significantly affect the hatchingeraf embryos compared to controls
(p=<0.05, n=60).

10 um 25 uM 30 uM (24 hpf start)

100 100 100 4
90 - 90 - 90 -
80 - 80 - 80 - Gae
70 70 - 70 | —m—6la
Cumulative g | 60 - 60 | 6ga
mean
percentage 50 - 50 - 50 —==—6ac
mortality
(%) 40 - 40 - 40 - =#=6db
=@=b6ad
30 - 30 4 30 -
wi=0.1% DMSO
B 20 o 20 -
20 e
10 4 10 - 10 +
0 - 0 + 0 -
24 48 72 96 120

Time duration (hours)

Supplementary Figure 2.Cumulative mean mortality rates for embryos ovBrday period following treatment with azetidinedauM, 25
uM and 30uM (24 hpf start)6aewas found to cause significant embryo mortalitglirthree experiments (p=<0.05, n=663awas found to
cause significant embryo mortality at 25 andu80(p=<0.05, n=60).
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10 pMm 25 uM 30 uM (24 hpf start)
100 1 W & i 2
90 |
=f=6ae
80
Mean 70 4 —d=bla
percentage ——6ga
of embryos 60 -
with 50 - == bac
cardiac 40 - == 6db
oedema K d
) I 30 - b2
20 1 1 ——0.1%DMSO
T T
b 10 - R
0 -

24 48 72 96 120 24 48 72 96
Time duration (hours)

Supplementary Figure 3 Mean percentage of embryos presenting with caroikglema over the 5 day period following treatmett
azetidines at 1M, 25uM and 30uM (24 hpf start). The development of cardiac oederitia6ae 6la and6gawas found to be significant in all
three experiments (p=<0.05, n=60).

10 uM 25 uM 30 uM (24 hpf start)
100 4 100 - 100
90 - 90 -+ 90 +
80 80 - 80 - W6ae
Mean 70 70 70 méla
Pe"‘:’f"“‘ 60 |+ 60 60 - m6ga
embryos 50 - 50 - 50 - m6ac
showing 40 40 - 40 - m6db
defect (%)
30 - 30 - 30 m6ad
20 20 - 20 m0.1% DMSO
10 - 10 10 mE3
0 . LS . o MILT . 0 § B R - i
CT A DG LP SH CO RC CT AJ DG LP SH TN CO BO RC CT A) DG LP SH TN CO RC

Morphological effects

Supplementary Figure 4 Mean percentage of embryos showing morphologietdcts (CT = Curved tail, AJ = Abnormal jaw, D®elayed
growth, LP = Lack of pigmentation, SH = Slowed heate, TN = Tail necrosis, CO = Cardiac oedema~RRduced circulation in tail/blood
clots) over the 5 day period following treatmenthnazetidines at 10M, 25 uM and 30uM (24 hpf start) 6ae 6gaand6la were found to cause
significant morphological defects in all three esipents (p=<0.05, n=60). 6ae was found to causdgi@apedema, reduced circulation/blood
clots, delayed growth, curved tails and also afféqiigment formation in the embry@gawas found to cause cardiac oedema, a decrease in
heart rate (bradycardia), reduced circulation angted tails 6la was found to cause cardiac oedema, reduced digruland curved tails.

Supplementary Figure 5Comparison between wild-type (top) and\ld 6aetreated zebrafish (below) over 24 (A), 48 (B),(Z3 and 96 (D)
hours.
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Supplementary Figure 6 Comparison between wild-type Supplementary Figure 7.Comparison between wild-type (top) and,30 6ae
(top) and 25uM 6aetreated zebrafish (below) over 72 treated zebrafish (below) over 24 (A) and 48 (Bifso Treatment was initially
hours. started at 24 hpf.

Supplementary Figure 8.Compoundsaeat a concentration of 1M reduces circulation, especially in the tail (frgart of body shown above,
tail shown below). A = after 24 hours, B = afteri8urs, C = after 72 hours and D = after 96 hours.

Supplementary Figure 9 Compoundsgaat a concentration of 28V significantly reduces circulation in the bodytbg zebrafish embryo,
eventually leading to death. A = after 24 hours; &ter 48 hours, C = after 72 hours, D = aftehB6rs and E = after 120 hours.

4 Biological Experiments’ Statistics

Supplementary Table 2AVOVA analysis to compare effect of compounds arolootion after 5 minutes.

Anova: Single Fact
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SUMMARY

Groups Count Sum Average Variance
Column 1 5 4731553 946.3106 26058.43
Column 2 5 2924.79. 584.958. 3213.90
Column ¢ 5 4117.12¢ 823.425i 19486
Column 4 5 6581.532 1316.306 12340.35
Column £ 5 0523.08 1904.61 13501.8:
Column ¢ 5 4320.85' 864.171i 163239.!
Column 7 5 3221.763 644.3526 331.6527
Column ¢ 5 3767.23! 753.447. 6625.59
Column ¢ 5 3558.131 711.627. 4545.34.
Column 10 5 6354.075 1270.815 26061.02
Column 11 5 6944.02' 1388.801 34869.3
Column 1: 5 5212.63; 1042.52° 17855.7.
Column 13 5 4382.084 876.4168 137000.4
Column 1« 5 6975.53. 1395.101 48822.5:
Column 1t 5 3188.93' 637.787 18232.8!
Column 16 5 7700.425 1540.085 17018.86
Column 7 5 728256, 1456.51. 8530.19
Column 18 5 7393.691 1478.738 55276.46
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 12615361 17 742080 16.94274 1.04E1.866577
Within Groups 3153550 72 43799.3
Total 1576891 89

Supplementary Table 3.T-test values comparing effect of compounds onramtion after 5 minutes.

Compount P-value
6ga 0.001562387
6la 1.03618t-07

6ae 0.00092662

Supplementary Table 4 AVOVA analysis to compare effect of compounds arolmotion after 10 minutes

Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance
Column 1 5 5087.521 1017.50! 3823.02¢
Column 2 5 2557956 511.5913 3418.446
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Column 3 5 3127.262 625.4524  9232.09
Column 4 5 6806.529 1361.306 2826.408
Column 5 5 8394.006 1678.801 21997.09
Column 6 5 4730.401 946.0801 9638.387
Column 7 5 2842.601 568.5202 9045.496
Column 8 5 3312.753 662.5505 10215.38
Column 9 5 2815.17 563.034 12074.41
Column 10 5 7668.895 1533.779 23916.73
Column 11 5 7600.391 1520.078 41747.7
Column 12 5 5190.377 1038.075 5320.072
Column 13 5 2334.998 466.9996 1927.142
Column 14 5 5201.687 1040.337 7733.223
Column 15 5 4201.29 840.2581 13459.91
Column 16 5 6829.386 1365.877 5158.632
Column 17 5 7694.122 1538.824 5652.248
Column 1¢ 5 6539.33( 1307.86° 40748.1
ANOVA

Source of Variation SS df MS F P-value
Between Groups 14161341 17 833020.1 65.78362 6371E1.766577
Within Group: 911738.. 72 12663.0.

Total 1507308 89

Supplementary Table 5.T-test to compare effect of compounds on locomagiver 10 minutes

Supplementary Table 6 ANOVA analysis to compare effect of compounds aotootion after 15 minutes

Compound P-value

6ga 8.05696E-05
6la 7.683951-08
6ae 8.09969E-08

Anova: Single Fact

SUMMARY

Groups Count

Sum

Average

Variance

Column 1
Column 2
Column 3
Column ¢

Column 5

5 3943.517 788.7033 2442451
5 2742.699 548.5398 3867.392
5 3003.618 600.7237 10559.78

5 5883.76:

5 7999.098
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Column 6 5 5037.557 1007.511 11922.18
Column 7 5 2500.799 500.1598 252.6256
Column 8 5 2864.137 572.8275 11715.66
Column ¢ 5 2594.15 518.831! 9488.21!

Column L( 5 7059.791 1411.95' 7123.29:

Column 11 5 7471976 1494.395 27882.91
Column 12 5 4880.966 976.1932 6817.499
Column 13 5 2666.017 533.2033 1584.076
Column 14 5 3563.475 712.695 19402.96
Column 1! 5 4663.40. 932.680! 40985.2

Column 16 5 6707.498 13415 1962.81
Column 17 5 8042989 1608.598 4256.939
Column 18 5 7139.165 1427.833 5769.613
ANOVA

Source of Variation SS df MS F P-value
Between Groug 1424573 17 837984.. 64.6880! 1.17E-36 1.76657
Within Groups 932704.6 72 12954.23

Total 15178440 89

Supplementary Table 7.T-test to compare effect of compounds on locomativer 15 minutes

Supplementary Table 8 ANOVA analysis to compare effect of compounds aotaotion after 20 minutes

Compound P-value

6ga 5.55467E-06
6la 1.22182E-08
6ac 9.63743k09

Anova: Single Factor

SUMMARY

Groups

Count Sum Average Variance

Column 1
Column 2
Column ¢
Column 4
Column 5
Column 6
Column i

Column 8

5 3325.954 665.1908 25692.14
5 2733.736 546.7471 1933.023
5 355435 710.871i 26440.7

5 5106.53 1021.306 10222.19
5 6458.187 1291.637 16066.96
5 4277.741 8555481 9006.125
5 2254731 450.947. 4921.29!

5 3782.166 756.4332 3891.617
E28
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Column 9 5 3575.545 715.1089 11734.96

Column 10 5 6468.666 1293.733 12226.79

Column 11 5 7117.596 1423.519 4600.962

Column 1: 5 4954.2¢ 990.852. 13971.4

Column 1! 5 2529.85! 505.971 1808.45i

Column 14 5 5476.584 1095.317 83197.31

Column 15 5 5915.696 1183.139 6687.981

Column 16 5 6320.733 1264.147 4608.758

Column 17 5 8185.965 1637.193 9153.627

Column 1¢ 5 6568.131 1313.62° 18696.°

ANOVA

Source of Variation SS df MS F P-value F crit
Between Groups 10358526 17 609325.1 41.40982 23B4E1.766577
Within Group: 105944. 72 147145

Total 1141797 89
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Supplementary Table 9.T-test to compare effect of compounds on locomatiter 20 minutes

Compount  P-value

6ga 0.00010489
6la 5.325341-07
6ae 0.00010103

Supplementary Table 10ANOVA analysis to compare effect of compounds arohootion after 25 minutes

Anova: Single Factt

SUMMARY

Groups Sum Average Variance
Column 1 5 5670.72; 1134.14. 7432.31
Column 2 5 2885.337 577.0673 8707.398
Column 3 5 5929.288 1185.858 72844.71
Column ¢ 5 6471.0 1294.201 1823.99:
Column 5 6787.917 1357.583 6068.615
Column 6 4613.897 922.7794 158747
Column i 5 2788.42. 557.684i 6458.46!
Column 8 5 5331.315 1066.263 13521.33
Column 9 5 4539.873 907.9746 10835.21
Column 1( 5 5626.251 1125.25. 8120.0:
Column 11 5 7241.857 1448371 17924.8
Column 12 5 4592.249 918.4498 2336.048
Column 1! 5 3165.71. 633.142; 5288.22.
Column 14 2985.782 597.1563 1797.029
Column 15 5722.381 1144.476 1148.85
Column 1¢ 5 7718.99. 1543.79 5986.91(
Column 17 5 7266.606 1453.321 60040.47
Column 1¢ 5 571721: 1143.44. 6206.45
ANOVA
Source of Variation df MS F P-value F crit
Between Groups 8332129 17 490125.2 22.31856 4.21ER766577
Within Groups 1581151 72 21960.44
Total 9913280 89

Supplementary Table 11T-test to compare effect of compounds on locomagifbar 25 minutes

Compound P-value
6g¢ 0.07772
6la 0.000407
6ae 0.000198
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Supplementary Table 12 ANOVA analysis to compare effect of compounds arofootion after 30 minutes

Anova: Single Factor

SUMMARY

Groups Count Sum Average Variance
Column 1 5 5677.555 1135.511 598.3083
Column 2 5 2836.49i 567.2991 1367.24!
Column ¢ 3547.91. 709.582; 32855.8
Column 4 5 6586.844 1317.369 651.4095
Column £ 6628.78! 1325.75 26654.2(
Column ¢ 4474.23. 894.846. 4454.12!
Column 7 5 2973.415 594.6829 61.72641
Column ¢ 3409.74. 681.9481 14323.0.
Column ¢ 4788.80! 957.760¢ 8359.45!
Column 10 5 6742.466 1348.493 191.7352
Column 1: 6812.20 1362.44. 29276.5
Column 1: 4089.2¢ 817.855! 2271.68:
Column 13 5 2630.894 526.1787 2284.029
Column 1« 3085.921 617.185. 4523.02.
Column 1! 5 5815.09° 1163.(1¢ 1514.70:
Column 16 5 7211.106 1442.221  7493.19
Column 1° 5 7904.24. 1580.84i 18384.2(
Column 18 5 5352.685 1070.537 33396.45
ANOVA
Source of Variation SS df MS F P-value Fcrit
Between Grouf 997937! 17 587022.. 56.(073¢ 1.39E-34 1.76657
Within Groups 754644.1 72 10481.17
Total 1073402 89

Supplementary Table 13T-test to compare effect of compounds on locomagitbar 30 minutes.

Compound P-value

6ga 0.000391
6la 0.002055
6ae 0.000599
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Supplementary Tablel14. T-test comparing occurrence of mortalities
with azetidines at 1M to controls.

Supplementary Table15. T-test comparing occurrence of
morphological effects with azetidines atdd to controls.

Comparison made P value

Comparison mac P value

6aeand DMSC  0.11878 6aeand DMSO 4.8715E-43
6aeand E3 0.043728 6aeand E3 1.63589E-43
6laand DMSO 0.526294 6la and DMSC 0.00077708
6laand E: 0.34402 6laand E3 9.18407E-05
6gaand DMSC  0.16360. 6gaand DMSC  0.00459977
6gaand E3 0.057505 6gaand E3 0.002042237
6acand DMSO  0.013219 6acand DMSO  0.005840775
6acand E3 1.25E-05 acand E3 0.00109187
6dband DMSO  0.071854 6dband DMSO  0.004889474
6db and E3 1
6db and E: 1

gadand DMSC  0.62996.

, | 6ad and DMSO 0.00204198
6adand E! 0.09928 6ad and E3 5.20755E-05

Supplementary Table 16Table 15 — T-test comparing occurrence of cardetema with azetidines at 1 to controls.

P value (stage)

24h  48h 72h 96h 120h
1 0.00129 4.9421F-07 4.9421F-07 4.9421E-07
1 0.106166 0.10616646 0.10616646 0.108366
1 0.37390. 0.2839984 0.2210357 0.22103575
1 0.373901 0.37390097 0.14481833 0.14W118
1 0.37390: 0.3739009 0.3739009 0.37390096
1 0.148148 0.14814815 0.05504061 0.060H2

Comparison

6aeand DMSC
6laand DMSO
6gaand DMSC
6acand DMSO
6db and DMSC
6ad and DMSO

Supplementary Tablel7. T-test comparing occurrence of mortalites
with azetidines at 2pM to controls

Supplementary Tablel8. T-test comparing occurrence of
morphological effects with azetidines at 28 to controls

Comparison made P value Comparison made P value

6aeand DMS( 0.00012: 6aeand DMSO 1.6029E-66
6aeand E3 0.000169 6aeand E3 1.00529E-66
6laand DMSO 0.378718 6la and DMSO 0.000143439
6laand E: 0.45600! 6laand E: 8.711811-05

6gaand DMSO 0.020576 6gaand DMSO 2.87154E-06
6gaand E3 0.028789 6gaand E3 1.92843E-06
6acand DMSC 0.32923i 6acand DMSC 0.00071012

6acand E3 6acand E3 0.000346351
6db and DMSO 6db and DMSO 0.042053839
6db and E: 0.10540: 6db and E: 0.00180947

6ad and DMSO 1 6ad and DMSO 0.024197027
6ad and E3 0.105402 6ad and E3 0.018145042
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Supplementary Table 19T-test comparing occurrence of cardiac oedema azthidines at 25M to controls.

P value (stage)
24h 48h

Comparison

72h 96h 120h

6aeand DMSO

0.025721 5.29E-07 5.2915E-07

5.2915E-0729E507

6la and DMSC 1 0.15183! 0.1518345 0.06467689 0.06360:
6gaand DMSO 1 0.64333 0.42164826 0.075475876 0.003795
6acand DMSC 1 0.54671! 0.186821 0.18682179 0.18682:
6db and DMSO 1 0.467605 0.46760475 0.329460331  0.32946
6adand DMSC 1 0.51851! 0.5185185 0.45297350 0.43179:

Supplementary Table 20T-test comparing occurrence of mortalties
with azetidines at 3(M (24hpf start) to controls

Supplementary Table 21 T-test comparing occurrence of
morphological effects with azetidines at 8@ (24hpf start) to controls

Comparison made P value Comparison mac P value
6aeand DMSO 0.048523213 6aeand DMSO 2.88807E-55
6aeand E3 0.045087791 6aeand E3 4.76653E-56
6la and DMSO 0.155312928 6la and DMSC 0.00019043
6laand E! 0.0522051 6laand E3 2.74065E-05
6gaand DMSC 0.04516393 6gaand DMSC 6.0095E-05
6gaand E3 0.041935296 6gaand E: 2.897991-05
6acand DMSO 0.557465885 6acand DMSO 0.072122322
6acand E: 0.30826093 6acand E: 0.01085839
6db and DMSO 0.337552599 6db and DMSO 0.785217517
6db and E3 0.127088903 6db and E3 0.076822944
6ad and DMSC 0.45480393 6adand DMSC 0.34539233
6ad and E3 0.14341993 6adand E3 0.636549591

Supplementary Table 22T-test comparing occurrence of cardiac oedema azdtidines at 3QM (24hpf start) to controls.

Comparison P value (stage)
48 72k 96t 120t

6aeand DMSO 5.08E-06 5.08E-06 5.08E-06 5.08E-06
6laand DMSO  0.274577 0.274577 0.014721 0.014721
6gaand DMSO 0.724659 0.724659 0.020776 0.036548
6acand DMSO  0.724659 0.724659 0.441823 0.441823
6dband DMSO  0.64333  0.64333 0.64333  0.64333
6adand DMSO 0.373901 0.373901 0.373901 0.373901

E33



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

ESI

Supplementary Table 23ANOVA analysis comparing morphological effects withetidines at 10M to controls

Anova: Single Fact

SUMMARY
Groups Count Sum  Average Variance
GET: 12 113t 94.5833" 352.083
12 114C 95 30C
12 1135 94.58333 352.0833
6la 12 7C 5.83333. 67.4242

12 14t 12.0833" 211.174.
12 40 3.333333 10.60606
6ge 12 5C 4.16666° 26.5151!
12 5C 4.16666 26.5151!
12 325 27.08333 1120.265

6ac 12 9C 7.5 184.090
12 9C 7.5 184.090!
12 50 4.166667 26.51515
6db 12 0 0 0
12 0 0 0
12 0 0 0
6ad 12 45 3.7t 46.0223
12 7C 5.83333. 26.5151!
12 45 3.75 46.02273
0.1% DMSC 12 0 0 0
12 35 2.91666 6.62878!
12 0 0 0
E3 12 0 0 0
12 0 0 0
12 0 0 0
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groug 26€140.¢ 23 11571.3. 929875 1.8E-11z 1.57029:
Within Groups 32852.08 264 124.4397
Total 298993 287
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Supplementary Table 24 ANOVA analysis comparing morphological effects withetidines at 26M to controls.

Anova: Single Fact

SUMMARY
Groups Count Sum  Average Variance
6ae 18 182( 95.7894" 170.175
1¢ 182( 95.7894 259.064
19 1740 91.57895 600.1462
6la 1¢ 6C 3.15789! 22.8070:
1¢ 18C 9.47368. 255..63:
19 260 13.68421 432.8947
69¢ 16 24t 12.8947. 300.877.
1¢ 32C 16.8421: 678.362
19 300 15.78947 570.1754
6ac 1¢ 6C 3.15789! 39.4736!
1¢  12C 6.31578¢ 157.894
19 125 6.578947 127.924
6db 1¢ 0 0 0
1¢ 8C 4.210521 70.1754.
19 40 2.105263 17.54386
6ad 1¢ 28t 15 841.666
19 6C 3.15789! 56.1403!
19 0 0
0.1% DMSC 19 0 0 0
1¢ 15 0.78947. 3.50877.
19 15 0.789474 3.508772
E3 19 0 0
19 0 0
19 15 0.789474 3.508772
ANOVA
Source of Variation SS df MS F P-value F crit

Between Groups
Within Groups

Total

408113.2 23 17744.05 92.35458 851E-11.554323
83000 432 192.1296

491113.2 455
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Supplementary Table 25ANOVA analysis comparing morphological effects withetidines at 30M (24hpf start) to controls.

Anova: Single Fact

SUMMARY
Groups Count Sum  Average Variance
6ae 18 1700 94.4444. 499.673.
18 171 95 45(
18 1705 94.72222 501.3889
6la 18  15C 8.33333. 147.058:
18 21C 11.6666 288.235:
18 120 6.666667 94.11765
6g¢ 18 15C 8.33333" 147.058:
18 48( 26.6666 1505.88
18 450 25 1323.529
6ac 18  15C 8.33333. 147.058:
18 6C 3.33333. 23.5294.
18 0 0 0
6db 18 25 1.38888' 5.31045!
18 25 1.38889 5.31045!
18 50 2.777778 21.24183
6ad 18 3C 1.66666 5.88235:
18 3C 1.66666 5.88235:
18 0 0
0.1% DMSC 18 0 0
18 0 0
18 90 5 26.47059
E3 18 0 0 0
18 3E  1.94444.  6.2908!
18 15 0.833333 3.676471
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 397095.3 23 17265.01 79.56842 33BE-11.555799
Within Groups 88529.17 408 216.9833
Total 485624.5 431
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5 NMR Spectra

5.1.1.1 'H NMR Spectrum of cis-6aa
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5.1.1.4 "3C{*H} NMR Spectrum (Pendant) ofcis-6ab

i3 A8 B9y 83 5 5 8 L
i1 uE A N o
6000
[-5000
N Fao00
Qg “
| |
1 ” [
oo
160 150 140 1‘30 120 110 100 90 7‘0 60 SIﬂ 40 ,"ﬁ 20 llﬂ
1 (ppm)
1 .
5.1.1.5 "H NMR Spectrum of cis-6ac
SEARSIARSRANNY SIYEE drEMy TENRAMEdY EELE Lysooo
e R NP
13000
H2000
/ Yy I, ﬂ [He

£]

L
Bk

E38

ESI



Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
This journal is © The Royal Society of Chemistry 2013

ESI

5.1.1.6 ¥C{*H} NMR Spectrum of cis-6ac
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5.1.1.8 ¥C{*H} NMR Spectrum (Pendant) ofcis-6ad
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5.1.1.10 *C{*H} NMR Spectrum (Pendant) ofcis-6ae
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5.1.1.12 C{*H} NMR Spectrum (Pendant) ofcis-6af
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5.1.1.14 C{*H} NMR Spectrum (Pendant) ofcis-6ag
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5.1.1.16 *C{*H} NMR Spectrum (Pendant) ofcis-6ah
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5.1.1.18 *C{*H} NMR Spectrum (Pendant) ofcis-6bb
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5.1.1.20 *C{*H} NMR Spectrum of cis-6ca
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5.1.1.22 C{*H} NMR Spectrum (Pendant) ofcis-6da
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5.1.1.24 *C{*H} NMR Spectrum (Pendant) ofcis-6di
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5.1.1.26 *C{*H} NMR Spectrum of cis-6dj
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5.1.1.28 *C{*H} NMR Spectrum (Pendant) ofcis-6ea
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5.1.1.30 *C{*H} NMR Spectrum (Pendant) ofcis-6fa
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5.1.1.32 C{*H} NMR Spectrum (Pendant) ofcis-6ga
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5.1.1.34 C{*H} NMR Spectrum of cis-6ha
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5.1.1.36 *C{*H} NMR Spectrum of cis-6ja
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5.1.1.38 *C{*H} NMR Spectrum (Pendant) ofcis-6kb
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5.1.1.40 C{*H} NMR Spectrum (Pendant) ofcis-6lb
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5.1.1.42 C{*H} NMR Spectrum (Pendant) ofcis-6mb
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5.1.1.44 *C{*H} NMR Spectrum of cis-6ra
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5.1.1.47 *H NMR Spectrum of cis-6sb
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5.1.1.49 'H NMR Spectrum of cis-7aa
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5.1.1.51 *H NMR Spectrum of cis-7ab
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5.1.1.53 'H NMR Spectrum of cis-7da
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5.1.1.55 *H NMR Spectrum of cis-8ab
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5.1.1.57 'H NMR Spectrum of trans-8ab
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5.1.1.59 *H NMR Spectrum of cis-8aj
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5.1.1.61 'H NMR Spectrum of trans-8aj
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5.1.1.63 'H NMR Spectrum of cis-8kb
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5.1.1.65 'H NMR Spectrum of trans-8kb

5.1.1.66 *C{*H} NMR Spectrum (Pendant) oftrans-8kb
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5.1.1.67 'H NMR Spectrum of trans-9aa
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5.1.1.69 'H NMR Spectrum of trans-9ca
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5.1.1.71 *H NMR Spectrum of trans-9da

5.1.1.72 C{*H} NMR Spectrum (Pendant) oftrans-9da
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5.1.1.73 nOe Experiment confirming tranas geometry of compound 8
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5.1.1.75 *C{*H} NMR Spectrum (Pendant) ofcis-10a
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5.1.1.77 C{*H} NMR Spectrum (Pendant) ofcis-10b of 7aa
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5.1.1.79 **C{*H} NMR Spectrum (Pendant) ofcis-10d
58 E SHIIE
o
| L
6 X-Ray Crystallographic Information s
o 9 ! o P

6.1 SingleCrystal Diffraction Data for trans-9da o O 0% %o o
CoaHa3Ns, 0.5(CHC}), M = 441.16, Monoclinica = 5.8473(6)b = 36.267(4)c = 20.608(2) © ;@ ® O @ %
A, B =92.2204), U = 4366.9(8) B, T = 120(2) K, space group2,/n, Z = 8, 21376 Q{i@
reflections measured, 7487 uniqi®( = 0.1189) which were used in all calculationse Tl @
final R1 was 0.13801¢20(1)) andwR(F,) was 0.2569 (all data). CCDC 936733. @d

The structure contains two crystallographicallydpdndent molecules, with all molecules in the ucéll displaying trans relative
stereochemistry.

Suitable crystals df ans-9dawere selected and a dataset was measured by 8REBK National Crystallography Servfcen a
Bruker APEXIlI CCD diffractometer at the window of Bruker FR591 rotating anode. The data collectieas driven by
COLLECT® and processed by DENZ@nd an absorption correction was applied using 888 The structure was solved in
SHELXS-97% and was refined by a full-matrix least-squarescedure on £in SHELXL-972 All non-hydrogen atoms were
refined with anisotropic displacement parametelge fiydrogen atoms were added at calculated positiod refined by use of a
riding model with isotropic displacement parametesised on the equivalent isotropic displacemerdrpater (U, of the parent
atom.

Table 1. Crystal data and structure refinementrfors-9da

Identification code trans-9da, 2010src0954

Empirical formula G4H23Ns, 0.5(CHCY)

Formula weight 441.16

Temperature 120(2) K

Wavelength 0.71073 A

Crystal system Monoclinic

Space group P 2/n

Unit cell dimensions a=5.8473(6) A a=90°.
b =36.267(4) A =92.220(4)°.
¢ =20.608(2) A y=90°.

Volume 4366.9(8) B

z 8

Density (calculated) 1.342 Mgﬁn

Absorption coefficient 0.259 mith

F(000) 1848

Crystal size 0.17 x 0.04 x 0.01 mfh
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Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 25.03°
Absorption correction

Max. and min. transmission

Refinement method
Data / restraints / parameters

Goodness-of-fit on &
Final R indices [I>2sigma(l)]
R indices (all data)

Largest diff. peak and hole

Notes:

There are two crystallographically-independent malles in the structure, with half a molecule ofocbform per molecule.
The hydrogen atoms were fixed as riding models.

Electronic Supplementary Material (ESI) for Organic & Biomolecular Chemistry
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2.98 to 25.03°.
-6<=h<=6, -40<=k<=43, -24<=I<=24
21376
7487 [R(int) = 0.1189]
97.4 %
Semi-empirical from equivdken
0.9974 and 0.9574

Full-matrix least-squares énF
7487 /0/559

1.185
R1 =0.1380, wR2 2068
R1 =0.2538, wR2 = 0.2569

0.363 and -0.386%.A

Table 2. Atomic coordinates ( x‘.lLX)and equivalent isotropic displacement paramc{iie?x 103)
for trans-9da. U(eq) is defined as one third of the trace efdhthogonalized Utensor.

X y z U(eq)
Cc(1) 5936(14) 1118(2) 5741(4) 30(2)
C(2) 7043(14) 730(2) 5668(4) 33(2)
C(3) 9251(14) 804(2) 5321(4) 32(2)
C(4) 8822(15) 1177(2) 4994(4) 34(2)
C(5) 6612(15) 1729(2) 5289(5) 41(2)
C(6) 8440(15) 2005(2) 5109(4) 35(2)
c(7) 10068(17) 2111(3) 5579(5) 47(3)
C(8) 11797(18) 2358(3) 5428(6) 54(3)
C(9) 11939(18) 2492(3) 4797(5) 49(3)
C(10) 10314(19) 2377(3) 4333(5) 52(3)
Cc(11) 8568(17) 2134(3) 4481(5) 47(3)
C(12) 8591(16) 349(2) 4386(4) 35(2)
C(13) 10135(14) 172(2) 4010(4) 28(2)
C(14) 9757(14) -47(2) 3407(4) 31(2)
C(15) 7724(15) -242(2) 3303(4) 37(2)
C(16) 7347(16) -453(2) 2750(5) 41(2)
C(17) 9037(16) -470(2) 2285(4) 36(2)
C(18) 11031(16) -281(3) 2389(4) 38(2)
C(19) 11399(14) -69(2) 2945(4) 35(2)
C(20) 5393(14) 1218(2) 6430(4) 30(2)
C(21) 7028(15) 1184(2) 6935(4) 35(2)
C(22) 6472(14) 1281(2) 7565(4) 36(2)
C(23) 4279(16) 1409(2) 7655(5) 39(2)
C(24) 3252(14) 1353(2) 6592(4) 32(2)
N(1) 7647(11) 1377(2) 5502(3) 31(2)
N(2) 9897(11) 522(2) 4841(3) 29(2)
N(3) 12160(11) 457(2) 4769(4) 35(2)
N(4) 12311(12) 247(2) 4259(4) 36(2)
N(5) 2651(12) 1449(2) 7191(4) 38(2)
C(101) 9192(15) 867(2) 1492(4) 33(2)
C(102) 8134(14) 658(2) 900(4) 37(2)
C(103) 5784(14) 522(2) 1138(4) 31(2)
C(104) 6092(14) 543(2) 1874(4) 33(2)
C(105) 8128(16) 968(3) 2628(4) 42(2)
C(106) 6285(14) 1156(2) 2997(4) 31(2)
C(107) 5990(16) 1538(3) 2950(4) 42(2)
C(108) 4184(17) 1709(3) 3246(4) 46(3)
C(109) 2666(16) 1506(3) 3593(4) 43(3)
C(110) 2939(15) 1129(3) 3657(5) 44(3)
C(111) 4704(16) 958(3) 3348(4) 38(2)
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C(112)
C(113)
C(114)
C(115)
C(116)
C(117)
C(118)
C(119)
C(120)
C(121)
C(122)
C(123)
C(124)
N(101)
N(102)
N(103)
N(104)
N(105)
C(201)
cl(21)

Cl(22)

Cl(23)

6367(14)
4809(13)
5181(14)
7237(15)
7585(16)
5881(16)
3861(16)
3501(15)

10058(14)

12204(15)

12835(16)

11278(18)
8598(15)
7354(12)
5107(11)
2854(11)
2638(12)
9147(14)
4925(15)
5574(5)
2034(4)
6659(4)

-153(2)
-431(2)
-824(2)
-952(3)

-1326(3)
-1576(3)
-1457(3)
-1083(3)

1251(3)
1373(3)
1733(3)
1958(3)
1507(2)
888(2)
154(2)
72(2)
-281(2)
1853(2)
2829(3)
2861(1)
2723(1)
2494(1)

828(4)
720(4)
609(4)
361(4)
252(5)
373(4)
614(5)
725(4)
1358(4)
1544(5)
1422(5)
1103(5)
1047(5)
1958(3)
920(3)
865(3)
739(3)
910(4)
2558(5)
3403(1)
2420(2)
2206(1)

33(2)
30(2)
32(2)
39(2)
43(2)
43(2)
45(3)
38(2)
35(2)
43(3)
44(3)
51(3)
40(2)
35(2)
30(2)
35(2)
38(2)
50(2)
44(3)
70(1)
61(1)
55(1)
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Table 3. Bond lengths [A] and angles [°] foans-9da.

C(1)-N(1)
C(1)-C(20)
C(1)-C(2)
C(1)-H(1)
C(2)-C(3)
C(2)-H(2A)
C(2)-H(2B)
C(3)-N(2)
C(3)-C(4)
C(3)-H(E3)
C(4)-N(1)
C(4)-H(4A)
C(4)-H(4B)
C(5)-N(1)
C(5)-C(6)
C(5)-H(5A)
C(5)-H(5B)
C(6)-C(11)
C(6)-C(7)
C(7)-C(8)
C(7)-H(7)
C(8)-C(9)
C(8)-H(8)
C(9)-C(10)
C(9)-H(9)
C(10)-C(11)
C(10)-H(10)
C(11)-H(11)
C(12)-N(2)
C(12)-C(13)
C(12)-H(12)
C(13)-N(4)
C(13)-C(14)
C(14)-C(19)
C(14)-C(15)
C(15)-C(16)
C(15)-H(15)
C(16)-C(17)
C(16)-H(16)

1.470(10)
1.510(11)
1.560(11)
1.0000
1.525(11)
0.9900
0.9900
1.480(10)
1.529(11)
1.0000
1.465(10)
0.9900
0.9900
1.472(10)
1.520(12)
0.9900
0.9900
1.383(12)
1.385(12)
1.395(13)
0.9500
1.392(13)
0.9500
1.387(14)
0.9500
1.390(13)
0.9500
0.9500
1.342(10)
1.371(11)
0.9500
1.380(10)
1.486(12)
1.379(11)
1.391(11)
1.386(12)
0.9500
1.404(12)
0.9500

E77

C(17)-C(18)
C(17)-H(17)
C(18)-C(19)
C(18)-H(18)
C(19)-H(19)
C(20)-C(21)
C(20)-C(24)
C(21)-C(22)
C(21)-H(21)
C(22)-C(23)
C(22)-H(22)
C(23)-N(5)
C(23)-H(23)
C(24)-N(5)
C(24)-H(24)
N(2)-N(3)
N(3)-N(4)
C(101)-N(101)
C(101)-C(120)
C(101)-C(102)
C(101)-H(101)
C(102)-C(103)
C(102)-H(10A)
C(102)-H(10B)
C(103)-N(102)
C(103)-C(104)
C(103)-H(103)
C(104)-N(101)
C(104)-H(10C)
C(104)-H(10D)
C(105)-N(101)
C(105)-C(106)
C(105)-H(10E)
C(105)-H(10F)
C(106)-C(107)
C(106)-C(111)
C(107)-C(108)
C(107)-H(107)
C(108)-C(109)

1.363(12)
0.9500
1.392(12)
0.9500
0.9500
1.392(11)
1.397(11)
1.396(11)
0.9500
1.383(12)
0.9500
1.332(11)
0.9500
1.343(10)
0.9500
1.359(9)
1.303(9)
1.471(10)
1.508(12)
1.546(11)
1.0000
1.558(11)
0.9900
0.9900
1.457(10)
1.523(11)
1.0000
1.459(10)
0.9900
0.9900
1.466(10)
1.506(11)
0.9900
0.9900
1.397(12)
1.396(11)
1.387(12)
0.9500
1.375(13)



C(108)-H(108)
C(109)-C(110)
C(109)-H(109)
C(110)-C(111)
C(110)-H(110)
C(111)-H(111)
C(112)-N(102)
C(112)-C(113)
C(112)-H(112)
C(113)-N(104)
C(113)-C(114)
C(114)-C(119)
C(114)-C(115)
C(115)-C(116)
C(115)-H(115)
C(116)-C(117)
C(116)-H(116)
C(117)-C(118)
C(117)-H(117)
C(118)-C(119)
C(118)-H(118)
C(119)-H(119)
C(120)-C(121)
C(120)-C(124)
C(121)-C(122)
C(121)-H(121)
C(122)-C(123)
C(122)-H(122)
C(123)-N(105)
C(123)-H(123)
C(124)-N(105)
C(124)-H(124)
N(102)-N(103)
N(103)-N(104)
C(201)-CI(22)
C(201)-CI(23)
C(201)-Cl(21)
C(201)-H(201)
N(1)-C(1)-C(20)
N(1)-C(1)-C(2)
C(20)-C(1)-C(2)
N(1)-C(1)-H(1)
C(20)-C(1)-H(1)
C(2)-C(1)-H(1)
C(3)-C(2)-C(1)
C(3)-C(2)-H(2A)
C(1)-C(2)-H(2A)
C(3)-C(2)-H(2B)
C(1)-C(2)-H(2B)
H(2A)-C(2)-H(2B)
N(2)-C(3)-C(2)
N(2)-C(3)-C(4)
C(2)-C(3)-C(4)
N(2)-C(3)-H(3)
C(2)-C(3)-H(3)
C(4)-C(3)-H(3)
N(1)-C(4)-C(3)
N(1)-C(4)-H(4A)
C(3)-C(4)-H(4A)
N(1)-C(4)-H(4B)
C(3)-C(4)-H(4B)
H(4A)-C(4)-H(4B)
N(1)-C(5)-C(6)
N(1)-C(5)-H(5A)
C(6)-C(5)-H(5A)

0.9500
1.384(13)
0.9500
1.380(12)
0.9500
0.9500
1.351(10)
1.373(11)
0.9500
1.383(10)
1.460(12)
1.387(12)
1.403(11)
1.392(12)
0.9500
1.378(12)
0.9500
1.370(13)
0.9500
1.392(12)
0.9500
0.9500
1.372(12)
1.402(12)
1.382(12)
0.9500
1.371(13)
0.9500
1.348(12)
0.9500
1.328(11)
0.9500
1.351(9)
1.315(9)
1.746(9)
1.758(10)
1.772(10)
1.0000

109.5(7)

104.7(6)

114.2(7)

109.4

109.4

109.4

104.3(7)

110.9

110.9

110.9

110.9

108.9

115.7(7)

111.0(7)

103.7(7)

108.7

108.7

108.7

101.3(6)

111.5

111.5

111.5

111.5

109.3

111.0(7)

109.4

109.4
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N(1)-C(5)-H(5B)
C(6)-C(5)-H(5B)
H(5A)-C(5)-H(5B)
C(11)-C(6)-C(7)
C(11)-C(6)-C(5)
C(7)-C(6)-C(5)
C(6)-C(7)-C(8)
C(6)-C(7)-H(7)
C(8)-C(7)-H(7)
C(9)-C(8)-C(7)
C(9)-C(8)-H(8)
C(7)-C(8)-H(8)
C(10)-C(9)-C(8)
C(10)-C(9)-H(9)
C(8)-C(9)-H(9)
C(9)-C(10)-C(11)
C(9)-C(10)-H(10)
C(11)-C(10)-H(10)
C(6)-C(11)-C(10)
C(6)-C(11)-H(11)
C(10)-C(11)-H(11)
N(2)-C(12)-C(13)
N(2)-C(12)-H(12)
C(13)-C(12)-H(12)
C(12)-C(13)-N(4)
C(12)-C(13)-C(14)
N(4)-C(13)-C(14)
C(19)-C(14)-C(15)
C(19)-C(14)-C(13)
C(15)-C(14)-C(13)
C(16)-C(15)-C(14)
C(16)-C(15)-H(15)
C(14)-C(15)-H(15)
C(15)-C(16)-C(17)
C(15)-C(16)-H(16)
C(17)-C(16)-H(16)
C(18)-C(17)-C(16)
C(18)-C(17)-H(17)
C(16)-C(17)-H(17)
C(17)-C(18)-C(19)
C(17)-C(18)-H(18)
C(19)-C(18)-H(18)
C(14)-C(19)-C(18)
C(14)-C(19)-H(19)
C(18)-C(19)-H(19)
C(21)-C(20)-C(24)
C(21)-C(20)-C(1)
C(24)-C(20)-C(1)
C(20)-C(21)-C(22)
C(20)-C(21)-H(21)
C(22)-C(21)-H(21)
C(23)-C(22)-C(21)
C(23)-C(22)-H(22)
C(21)-C(22)-H(22)
N(5)-C(23)-C(22)
N(5)-C(23)-H(23)
C(22)-C(23)-H(23)
N(5)-C(24)-C(20)
N(5)-C(24)-H(24)
C(20)-C(24)-H(24)
C(4)-N(1)-C(1)
C(4)-N(1)-C(5)
C(1)-N(1)-C(5)
C(12)-N(2)-N(3)
C(12)-N(2)-C(3)

109.4
109.4
108.0
119.9(9)
121.1(9)
119.0(8)
120.6(9)
119.7
119.7
120.1(10)
119.9
119.9
118.3(10)
120.8
120.8
121.9(10)
119.0
119.0
119.1(10)
120.4
120.4
104.2(8)
127.9
127.9
108.4(8)
130.1(8)
121.4(7)
118.7(8)
121.5(8)
119.8(8)
120.9(8)
1195
1195
119.5(9)
120.3
120.3
119.5(8)
120.3
120.3
120.8(9)
119.6
119.6
120.7(8)
119.7
119.7
116.6(8)
121.2(7)
122.2(8)
119.7(8)
120.1
120.1
117.5(9)
1213
1213
125.5(9)
117.3
117.3
125.5(8)
117.3
117.3
105.6(6)
114.4(7)
112.1(6)
111.8(7)
129.5(7)
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N(3)-N(2)-C(3) 117.9(7) C(117)-C(116)-H(116) 120.0
N(4)-N(3)-N(2) 106.7(7) C(115)-C(116)-H(116) 120.0
N(3)-N(4)-C(13) 108.9(7) C(118)-C(117)-C(116) 119.8(9)
C(23)-N(5)-C(24) 115.3(8) C(118)-C(117)-H(117) 120.1
N(101)-C(101)-C(120) 109.5(7) C(116)-C(117)-H(117) 120.1
N(101)-C(101)-C(102) 105.1(7) C(117)-C(118)-C(119) 120.4(9)
C(120)-C(101)-C(102) 115.8(7) C(117)-C(118)-H(118) 119.8
N(101)-C(101)-H(101) 108.8 C(119)-C(118)-H(118) 119.8
C(120)-C(101)-H(101) 108.8 C(114)-C(119)-C(118) 121.2(8)
C(102)-C(101)-H(101) 108.8 C(114)-C(119)-H(119) 119.4
C(101)-C(102)-C(103) 103.8(7) C(118)-C(119)-H(119) 119.4
C(101)-C(102)-H(10A) 111.0 C(121)-C(120)-C(124) 116.5(9)
C(103)-C(102)-H(10A) 111.0 C(121)-C(120)-C(101) 123.9(8)
C(101)-C(102)-H(10B) 111.0 C(124)-C(120)-C(101) 119.5(8)
C(103)-C(102)-H(10B) 111.0 C(120)-C(121)-C(122) 120.2(9)
H(10A)-C(102)-H(10B) 109.0 C(120)-C(121)-H(121) 119.9
N(102)-C(103)-C(104) 112.0(7) C(122)-C(121)-H(121) 119.9
N(102)-C(103)-C(102) 115.2(7) C(123)-C(122)-C(121) 118.1(9)
C(104)-C(103)-C(102) 103.1(7) C(123)-C(122)-H(122) 120.9
N(102)-C(103)-H(103) 108.8 C(121)-C(122)-H(122) 120.9
C(104)-C(103)-H(103) 108.8 N(105)-C(123)-C(122) 124.4(9)
C(102)-C(103)-H(103) 108.8 N(105)-C(123)-H(123) 117.8
N(101)-C(104)-C(103) 101.6(7) C(122)-C(123)-H(123) 117.8
N(101)-C(104)-H(10C) 111.5 N(105)-C(124)-C(120) 125.3(9)
C(103)-C(104)-H(10C) 111.5 N(105)-C(124)-H(124) 117.4
N(101)-C(104)-H(10D) 111.5 C(120)-C(124)-H(124) 117.4
C(103)-C(104)-H(10D) 111.5 C(104)-N(101)-C(105) 114.8(7)
H(10C)-C(104)-H(10D) 109.3 C(104)-N(101)-C(101) 105.0(6)
N(101)-C(105)-C(106) 111.4(7) C(105)-N(101)-C(101) 114.7(7)
N(101)-C(105)-H(10E) 109.4 N(103)-N(102)-C(112) 110.1(7)
C(106)-C(105)-H(10E) 109.4 N(103)-N(102)-C(103) 118.6(7)
N(101)-C(105)-H(10F) 109.4 C(112)-N(102)-C(103) 130.8(7)
C(106)-C(105)-H(10F) 109.4 N(104)-N(103)-N(102) 108.4(7)
H(10E)-C(105)-H(10F) 108.0 N(103)-N(104)-C(113) 107.9(7)
C(107)-C(106)-C(111) 117.6(8) C(124)-N(105)-C(123) 115.5(8)
C(107)-C(106)-C(105) 120.2(8) Cl(22)-C(201)-CI(23) 110.6(5)
C(111)-C(106)-C(105) 121.9(8) Cl(22)-C(201)-Cl(21) 110.1(5)
C(108)-C(107)-C(106) 120.5(9) Cl(23)-C(201)-Cl(21) 110.2(5)
C(108)-C(107)-H(107) 119.8 Cl(22)-C(201)-H(201) 108.7
C(106)-C(107)-H(107) 119.8 Cl(23)-C(201)-H(201) 108.7
C(109)-C(108)-C(107) 120.4(9) Cl(21)-C(201)-H(201) 108.7
C(109)-C(108)-H(108) 119.8
C(107)-C(108)-H(108) 119.8
C(108)-C(109)-C(110) 120.3(9) Symmetry transformations used to generate equivatems:
C(108)-C(109)-H(109) 119.8
C(110)-C(109)-H(109) 119.8
C(111)-C(110)-C(109) 119.0(9)
C(111)-C(110)-H(110) 120.5
C(109)-C(110)-H(110) 120.5
C(110)-C(111)-C(106) 122.0(9)
C(110)-C(111)-H(111) 119.0
C(106)-C(111)-H(111) 119.0
N(102)-C(112)-C(113) 105.4(7)
N(102)-C(112)-H(112) 127.3
C(113)-C(112)-H(112) 127.3
C(112)-C(113)-N(104) 108.1(8)
C(112)-C(113)-C(114) 129.9(8)
N(104)-C(113)-C(114) 122.0(7)
C(119)-C(114)-C(115) 117.5(8)
C(119)-C(114)-C(113) 121.5(8)
C(115)-C(114)-C(113) 121.0(8)
C(116)-C(115)-C(114) 121.0(8)
C(116)-C(115)-H(115) 119.5
C(114)-C(115)-H(115) 119.5
C(117)-C(116)-C(115) 120.1(9)
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Table 4. Anisotropic displacement parameter%x(é@)for trans-9da. The anisotropic
displacement factor exponent takes the form.2E212a*2U11+ ..+2hka*b* l}z]

ull U22 U33 U23 ul3 ul2
c@) 30(5) 31(5) 31(5) 2(4) 7(4) 2(4)
c() 39(5) 25(5) 35(5) -8(4) 0(4) 1(4)
c@) 29(5) 34(6) 34(5) 3(4) 3(4) -1(4)
c@) 36(5) 29(5) 36(5) 1(4) 13(4) -2(4)
C(5) 40(5) 29(6) 54(6) 6(5) 4(5) 2(4)
C(6) 36(5) 26(5) 42(6) 6(4) 1(5) 13(4)
c(7) 61(7) 36(6) 44(6) 13(5) -2(6) 4(5)
C(8) 65(7) 25(6) 71(8) -6(5) 8(6) 2(5)
c(9) 62(7) 31(6) 56(7) 7(6) 19(6) -6(5)
C(10) 78(8) 36(6) 44(7) 4(5) 25(6) 11(6)
c(11) 59(7) 41(6) 40(6) 7(5) 2(5) -3(5)
C(12) 43(6) 28(5) 33(5) 4(4) -6(5) -8(4)
C(13) 35(5) 27(5) 24(5) 3(4) 11(4) -2(4)
C(14) 23(5) 31(5) 39(6) 15(4) 3(4) 7(4)
C(15) 42(6) 33(6) 38(6) 2(5) 17(5) 5(5)
C(16) 37(5) 28(6) 57(7) 5(5) -7(5) 3(4)
C(17) 49(6) 27(5) 30(5) -3(4) -9(5) 14(5)
c(18) 42(6) 41(6) 31(5) 4(5) 6(5) 11(5)
C(19) 23(5) 36(6) 46(6) 0(5) 4(4) -5(4)
C(20) 29(5) 20(5) 39(6) 3(4) 8(4) -2(4)
c(21) 34(5) 37(6) 35(6) 2(5) 2(5) 9(4)
C(22) 31(5) 41(6) 36(6) -1(5) 0(4) -3(4)
C(23) 47(6) 24(5) 48(6) -2(5) 7(5) 5(4)
C(24) 36(5) 23(5) 38(6) 1(4) 2(4) -1(4)
N(1) 34(4) 24(4) 36(4) 5(3) 9(3) -8(3)
N(2) 29(4) 23(4) 35(4) 4(3) 1(3) -2(3)
N(3) 22(4) 31(4) 52(5) 1(4) 9(4) 6(3)
N(4) 36(5) 25(4) 47(5) -7(4) 8(4) -1(3)
N(5) 37(4) 45(5) 31(5) -10(4) 5(4) 2(4)
C(101) 35(5) 34(6) 30(5) -2(4) 0(4) 2(4)
C(102) 36(5) 33(6) 41(6) 2(5) -2(5) 6(4)
C(103) 26(5) 25(5) 42(6) -10(4) 3(4) 0(4)
C(104) 27(5) 37(6) 36(6) -1(4) 0(4) -1(4)
C(105) 43(6) 45(6) 39(6) -11(5) 3(5) 4(5)
C(106) 27(5) 37(6) 28(5) -2(4) 4(4) -3(4)
C(107) 50(6) 36(6) 41(6) -3(5) 7(5) -2(5)
C(108) 64(7) 34(6) 41(6) -10(5) 2(5) -1(5)
C(109) 45(6) 48(7) 38(6) -11(5) 18(5) 6(5)
C(110) 36(6) 45(7) 49(6) -7(5) 7(5) 0(5)
C(111) 59(6) 30(5) 24(5) 3(4) -9(5) -3(5)
C(112) 22(5) 47(6) 30(5) 3(5) 3(4) -1(4)
C(113) 15(4) 35(6) 39(6) -5(4) 4(4) -6(4)
C(114) 33(5) 41(6) 22(5) -8(4) -1(4) -3(4)
C(115) 35(5) 45(6) 37(6) -1(5) 11(5) -8(5)
C(116) 35(5) 35(6) 60(7) -9(5) 1(5) -8(5)
C(117) 54(6) 34(6) 42(6) -4(5) 4(5) -4(5)
C(118) 43(6) 44(7) 50(6) 7(5) 5(5) -17(5)
C(119) 28(5) 48(7) 38(6) 5(5) 0(4) 0(5)
C(120) 29(5) 44(6) 34(5) -2(5) 7(4) 12(5)
C(121) 31(5) 39(6) 59(7) -8(5) 7(5) 5(5)
C(122) 38(6) 37(6) 58(7) -13(5) 1(5) 2(5)
C(123) 57(7) 27(6) 69(8) -1(5) 10(6) -15(5)
C(124) 25(5) 30(6) 66(7) -10(5) -2(5) 2(4)
N(101) 32(4) 43(5) 29(4) -5(4) 4(4) -7(4)
N(102) 20(4) 44(5) 26(4) -5(4) 1(3) -1(3)
N(103) 28(4) 38(5) 39(5) -10(4) 6(4) -1(4)
N(104) 30(4) 44(5) 39(5) -9(4) 5(4) -2(4)
N(105) 43(5) 34(5) 73(6) 3(5) 2(5) -4(4)
C(201) 40(6) 33(6) 60(7) -5(5) -2(5) -16(5)
cl(21) 83(2) 77(2) 51(2) 6(2) 2(2) -19(2)
cl(22) 32(1) 51(2) 100(2) -4(2) 6(1) -3(1)
Cl(23) 38(1) 45(2) 82(2) -6(2) 6(1) -2(1)
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Table 5. Hydrogen coordinates ( ><41@Lnd isotropic displacement paramete@)(A@)
for trans-9da.

X y z U(eq)
H(1) 4510 1133 5459 36
H(2A) 7371 616 6099 40
H(2B) 6022 564 5408 40
H(3) 10532 831 5653 39
H(4A) 10274 1300 4888 40
H(4B) 7841 1153 4594 40
H(5A) 5707 1831 5643 49
H(5B) 5561 1685 4909 49
H(7) 10006 2016 6007 56
H(8) 12879 2436 5756 65
H(9) 13121 2658 4688 59
H(10) 10396 2466 3901 62
H(11) 7477 2058 4154 56
H(12) 6970 349 4336 42
H(15) 6578 -229 3617 45
H(16) 5954 -586 2685 49
H(17) 8793 -613 1902 43
H(18) 12183 -294 2077 46
H(19) 12796 63 3009 42
H(21) 8516 1095 6852 43
H(22) 7558 1260 7918 43
H(23) 3903 1474 8085 47
H(24) 2126 1378 6250 38
H(101) 10478 717 1687 40
H(10A) 9111 448 780 44
H(10B) 7925 824 520 44
H(103) 4572 701 992 37
H(10C) 4599 553 2084 40
H(10D) 6984 331 2050 40
H(10E) 9497 1129 2625 51
H(10F) 8568 735 2851 51
H(107) 7034 1681 2713 51
H(108) 3995 1969 3209 55
H(109) 1424 1626 3789 52
H(110) 1925 989 3909 52
H(111) 4847 697 3375 45
H(112) 7989 -172 836 39
H(115) 8408 -781 267 47
H(116) 9000 -1409 93 52
H(117) 6106 -1831 290 52
H(118) 2699 -1630 707 54
H(119) 2078 -1004 884 45
H(121) 13260 1210 1757 51
H(122) 14306 1822 1557 53
H(123) 11733 2203 1011 61
H(124) 7095 1428 925 49
H(201) 5242 3073 2354 53

Table 6. Torsion angles [°] forans-9da.

N(1)-C(1)-C(2)-C(3) -5.6(9)
C(20)-C(1)-C(2)-C(3) -125.3(7)
C(1)-C(2)-C(3)-N(2) -143.1(7)
C(1)-C(2)-C(3)-C(4) -21.2(9)
N(2)-C(3)-C(4)-N(1) 165.5(6)
C(2)-C(3)-C(4)-N(1) 40.6(8)
N(1)-C(5)-C(6)-C(11) 116.1(9)
N(1)-C(5)-C(6)-C(7) -60.5(11)
C(11)-C(6)-C(7)-C(8) 2.1(14)
C(5)-C(6)-C(7)-C(8) 178.7(8)
C(6)-C(7)-C(8)-C(9) -1.8(15)
C(7)-C(8)-C(9)-C(10) 0.8(14)
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C(8)-C(9)-C(10)-C(11) 0.0(15)
C(7)-C(6)-C(11)-C(10) -1.3(14)
C(5)-C(6)-C(11)-C(10) -177.9(8)
C(9)-C(10)-C(11)-C(6) 0.2(15)
N(2)-C(12)-C(13)-N(4) 0.2(9)
N(2)-C(12)-C(13)-C(14) -175.9(8)
C(12)-C(13)-C(14)-C(19) 151.09)
N(4)-C(13)-C(14)-C(19) -24.7(12)
C(12)-C(13)-C(14)-C(15) -30.1(13)
N(4)-C(13)-C(14)-C(15) 154.2(8)
C(19)-C(14)-C(15)-C(16) 0.0(13)
C(13)-C(14)-C(15)-C(16) -178.9(8)
C(14)-C(15)-C(16)-C(17) -0.2(13)
C(15)-C(16)-C(17)-C(18) 0.5(13)
C(16)-C(17)-C(18)-C(19) -0.5(13)
C(15)-C(14)-C(19)-C(18) -0.1(13)
C(13)-C(14)-C(19)-C(18) 178.8(8)
C(17)-C(18)-C(19)-C(14) 0.3(13)
N(1)-C(1)-C(20)-C(21) -66.5(10)
C(2)-C(1)-C(20)-C(21) 50.5(11)
N(1)-C(1)-C(20)-C(24) 112.6(9)
C(2)-C(1)-C(20)-C(24) -130.4(8)
C(24)-C(20)-C(21)-C(22) 0.3(12)
C(1)-C(20)-C(21)-C(22) 179.5(8)
C(20)-C(21)-C(22)-C(23) 0.0(13)
C(21)-C(22)-C(23)-N(5) -0.3(14)
C(21)-C(20)-C(24)-N(5) -0.3(13)
C(1)-C(20)-C(24)-N(5) -179.5(8)
C(3)-C(4)-N(1)-C(1) -45.4(8)
C(3)-C(4)-N(1)-C(5) -169.2(7)
C(20)-C(1)-N(1)-C(4) 154.8(7)
C(2)-C(1)-N(1)-C(4) 32.0(8)
C(20)-C(1)-N(1)-C(5) -79.9(9)
C(2)-C(1)-N(1)-C(5) 157.2(7)
C(6)-C(5)-N(1)-C(4) -65.5(10)
C(6)-C(5)-N(1)-C(1) 174.2(7)
C(13)-C(12)-N(2)-N(3) -0.9(9)
C(13)-C(12)-N(2)-C(3) 169.2(8)
C(2)-C(3)-N(2)-C(12) 44.0(12)
C(4)-C(3)-N(2)-C(12) -73.8(10)
C(2)-C(3)-N(2)-N(3) -146.4(7)
C(4)-C(3)-N(2)-N(3) 95.8(8)
C(12)-N(2)-N(3)-N(4) 1.3(9)
C(3)-N(2)-N(3)-N(4) -170.0(7)
N(2)-N(3)-N(4)-C(13) -1.1(9)
C(12)-C(13)-N(4)-N(3) 0.6(10)
C(14)-C(13)-N(4)-N(3) 177.1(7)
C(22)-C(23)-N(5)-C(24) 0.4(13)
C(20)-C(24)-N(5)-C(23) 0.0(13)
N(101)-C(101)-C(102)-C(103) -8.4(9)
C(120)-C(101)-C(102)-C(103) -129.3(7)
C(101)-C(102)-C(103)-N(102) -141.5(7)
C(101)-C(102)-C(103)-C(104) -19.2(8)
N(102)-C(103)-C(104)-N(101) 164.6(6)
C(102)-C(103)-C(104)-N(101) 40.2(8)
N(101)-C(105)-C(106)-C(107) -84.0(10)
N(101)-C(105)-C(106)-C(111) 90.4(10)
C(111)-C(106)-C(107)-C(108) 0.2(14)
C(105)-C(106)-C(107)-C(108) 174.8(8)
C(106)-C(107)-C(108)-C(109) 0.4(15)
C(107)-C(108)-C(109)-C(110) 0.7(15)
C(108)-C(109)-C(110)-C(111) -2.3(15)
C(109)-C(110)-C(111)-C(106) 2.9(14)
C(107)-C(106)-C(111)-C(110) -1.8(13)
C(105)-C(106)-C(111)-C(110) -176.4(8)
N(102)-C(112)-C(113)-N(104) 1.1(10)
N(102)-C(112)-C(113)-C(114) -178.2(8)
C(112)-C(113)-C(114)-C(119) 157.8(9)
N(104)-C(113)-C(114)-C(119) -21.5(13)
C(112)-C(113)-C(114)-C(115) -24.1(14)
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N(104)-C(113)-C(114)-C(115) 156.7(8)
C(119)-C(114)-C(115)-C(116) -1.4(13)
C(113)-C(114)-C(115)-C(116) -179.6(8)
C(114)-C(115)-C(116)-C(117) 1.4(14)

C(115)-C(116)-C(117)-C(118) -1.4(15)
C(116)-C(117)-C(118)-C(119) 1.3(15)

C(115)-C(114)-C(119)-C(118) 1.4(13)

C(113)-C(114)-C(119)-C(118) 179.6(8)
C(117)-C(118)-C(119)-C(114) -1.4(14)
N(101)-C(101)-C(120)-C(121) 112.5(9)
C(102)-C(101)-C(120)-C(121) -129.0(9)
N(101)-C(101)-C(120)-C(124) -65.0(10)
C(102)-C(101)-C(120)-C(124) 53.4(11)
C(124)-C(120)-C(121)-C(122) -0.1(13)
C(101)-C(120)-C(121)-C(122) -177.7(8)
C(120)-C(121)-C(122)-C(123) -1.2(14)
C(121)-C(122)-C(123)-N(105) 1.5(15)

C(121)-C(120)-C(124)-N(105) 1.4(14)

C(101)-C(120)-C(124)-N(105) 179.1(9)
C(103)-C(104)-N(101)-C(105) -174.0(7)
C(103)-C(104)-N(101)-C(101) -47.1(8)
C(106)-C(105)-N(101)-C(104) -85.1(9)
C(106)-C(105)-N(101)-C(101) 153.2(8)
C(120)-C(101)-N(101)-C(104) 159.6(7)
C(102)-C(101)-N(101)-C(104) 34.7(8)

C(120)-C(101)-N(101)-C(105) -73.4(9)
C(102)-C(101)-N(101)-C(105) 161.6(7)
C(113)-C(112)-N(102)-N(103) -0.7(9)

C(113)-C(112)-N(102)-C(103) 170.6(8)
C(104)-C(103)-N(102)-N(103) 89.5(9)

C(102)-C(103)-N(102)-N(103) -153.2(7)
C(104)-C(103)-N(102)-C(112) -81.2(10)
C(102)-C(103)-N(102)-C(112) 36.2(12)
C(112)-N(102)-N(103)-N(104) -0.1(9)

C(103)-N(102)-N(103)-N(104) -172.6(7)
N(102)-N(103)-N(104)-C(113) 0.8(9)

C(112)-C(113)-N(104)-N(103) -1.2(10)
C(114)-C(113)-N(104)-N(103) 178.2(8)
C(120)-C(124)-N(105)-C(123) -1.2(14)
C(122)-C(123)-N(105)-C(124) -0.3(15)

Symmetry transformations used to generate equivatems:
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